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PUBLISHERS' NOTE TO THE FOURTH EDITION. 



The Author has gone carefully through the book and 
made Buch corrections and alterations as the short 
interval between the editions made necessary, and it is 
hoped that the book will continue in favour aa hitherta 

Jvls, 1006. 



PREFACE TO THIRD EDITION. 



It has not been deemed advisable to make any material 
alterations in the plan and scope of this work, so that, 
beyond careful revision and the addition of a few char- 
acteristic illustrations of important mineral deposits, the 
present edition is in much the same form as the previous 
ones. 

The criticisms of the press generally, and the kind ex- 
pressions of personal approval of the book which the 
Author has received from numerous practical men, lead 
him to hope that he has succeeded in his endeavour to 
produce a handy and useful book for prospectors in all 
lands, so far as all the important minerals and ores, their 
recognition and their modes of occurrence, are concerned. 
S. HERBERT COX. 
London, January, 1903. 
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PREFACE TO FIRST EDITION. 



The object of this yolume is to give a sketch of those 
subjects which underlie the calling of the Prospector, 
without encroaching to any great extent upon the pro- 
vinces occupied bj the sciences of Uineralogy'And Geology, 
or the arte of Mining and Metallurgy, which are too far 
reaching to allow of more than the briefest mention in 
a work of this sort. 

It is evident, therefore, that the scope of the work 
must he necesBarily limited, but it is hoped that to the 
practical Prospector it may give certain hints as regards 
the recognition of Minerals with which he is unacquainted, 
while, to the student, it may afford an introduction to 
the subject which will be of use in directing his work 
into the proper channels. 

S. H. C. 

LOHIKIK, 

Jantiar]/, 189S. 
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PKOSPECTIN& FOR MINERALS. 



IKTBDDOOTION AND HINTS ON 

Mbtals aad MineraU occur in Nature with auch varying forms, 
and distributed under such different conditions, that it is ini- 
possible to enunciate laws regarding their mode of occurrence, 
without giving so many exceptions that the value of the laws 
might be called in question. On the other hand, the minerabi 
themselves are easily recognised when found, if ordinary*Sntielli- 
gence is brought to bear in testing them. 

Certain metals and minerals, such aa gold and the various 
ores of copper, which can be recognised readily without any 
special teste being applied, attract a large amount of attention 
&om prospectors who have not had any scientific training ; 
whilst those minerals which require some skill to determine are, 
as a general rule, passed over by the same men. 

Apart from the ease with which gold is recognised, its intrinaio 
value, the absence of fluctuations in the market price, aad the 
certainty that no difficulty will ever be cxperieiioed in disposing 
of it, no matter in what quantity it is found, give an attraction 
to mining for gold which is not shared by any other metal. 
But, although gold poasesses all these advantages, it is quite as 
difGcult to determine whether some gold-bearing deposits con be 
worked to a profit as it is to decide a similar question regarding 
tin, lead, antimony, or zinc. 

There are a number of scientific questions which bear directly 
or indirectly upon the occurrence of minerals, and it is found 
that certain minerals are generally associated with certain rocks ; 
but, while this is the case, there would be no work for the 
prospector if the presence or absence of ores could he deter- 
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mined hj an examination of the geological stnictare of a 
district. 

There ia a glamour aboat a prospector's calling 'which induces 
manj to undertake the work in which comparatiTBly few succeed. 
The independent life, the change of scene, the chance of making 
diacoyeries day by day aud of becomiag wealthy in a moment, 
lead many to prefer this to the work of more settled mining 
districts where good wages can be earned. The true prospector 
never leaves his adopted calling permanently ; if pursued by 
bad fortune until his resources have come to an end, he will 
migrate to a mining camp and work for wages for a time ; but, 
afi soon as occasion offers, he returns to the field and continues 
to search for the Eldorado that he always feels confident he will 
discover. 
' There ia little that a book can teach sucli men regarding the 
search for gold, but it is possible that they may obtain hints 
which would induce them to abandon worthless nndertakings, 
and also learn to distinguish, roughly, minerals which are not of 
common occurrence, but are still of value. 

For the student who ia preparing to embark on his career, 
some detailed information ia necessary, and some little time 
must be devoted to a general description of mineral deposits, 
their probable origin and modes of occurrence, before investiga- 
ting the conditions which are peculiar to individual groups of 
ores. 

It does not appear advisable to enter into the theoretical 
questions of geology, and in these pages it will be assumed that 
a general knowledge of the principles of that science has already 
been acquired ; there are, however, a few points which require 
to be emphasised. 

Q«olQgioal Age. — From the prospector's point of view the 
geological age of the rooks is a matter of very little importance, 
and this cannot be too clearly understood. It is true that in 
certain countries there are deposits of mineral which are asso> 
ciated with rocks of special geological age ; as, for instance, the 
coals of the European coalfields with b^s of the Carboniferous 
system ; but when other countries are visited it is found that, 
although seams of coal exist, they frequently belong to other 
geological periods ; and the rocks of the Carboniferous system 
are of an entirely difierent nature. Not to multiply instances, 
it may be mentioned that in New Zealand the Carboniferous 
rocks consist of indurated sandstones and slates, in which no 
traces of coal are found, whilst the coals themselves are of 
Cretaceous age and, in some cases, even younger. 
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Ab a further illastration, gold-bearing reefs are found tro- 
Teraing achistose rooka, diorites, ticc, in Weatern Auatralla ; in 
Lower Silurian strata in Victoria ; in Upper Silurian and Lower 
Devonian strata in New South Wales ; in Carboniferous and 
Upper DeTonian atrata in New Zealand, and in the same colony 
the auriferous reefa of the Thamea Goldfield intersect sabmarine 
volcanic rocks which are certainly not older than Oretaceous and 
may be little older than Miocene. It will thus be apparent 
that whatever other guidea may be of importance to the 
prospector, but little can be gained from a scientific knowledge 
of the geological age of the rocks. We have to go to each new 
diatrict with an open mind, and be prepared to find the conditiona 
prevailing different in many features from thoae to which we 
have beeu accustomed elaewhere. The nature of the deposits 
must be studied, pointa of reaemblance to other localities noted, 
and differences investigated so that a true appreciation of the 
value of the mineral deposits can be formed. 

Qeneral Obserrations. — It is not intended to convey the 
idea that experience gained in one locality will not be of any 
value in another; for there are many features which are the 
same wherever one may go, and, after investigating the mode of 
occurrence of mineral depoaita, a few of the more important of 
them will be enumerated for the guidance of students. It ia 
important to cultivate a general eye for country, and be able to 
determine from a casnal inspection whether any particular 
district presents features which render it possible that mineral 
deposits will be found ; and, at this point, a broad distinction 
must be drawn between those which are found in ntu, or 
associated with the rocks themselves, although under varying 
conditions, and which will be called in these pages "MinertJ 
Deposits"; and "Alluvial Deposits," which have been worn 
from their parent rooks, and re-arranged in the gravels or 
sands of rivers, on sea beaches, or in certain glacier drifts. 

UineraL Deposits occur under a great variety of conditions, 
which will be dealt with later; but, so &r as their association 
with the containing rocks is concerned, the same remarks will 
apply to each. 

It is seldom that the principal mountain range of a country 
is the more important repository of minerals, bat those ranges 
which fiank the main range often contain these deposits. It is 
quite possible that the reason of this ia that the rocks composing 
the principal ranges are harder, and less liable to disintegration 
and decomposition than those of which the flanking ranges are 
composed ; for the harder rocks, unleas interatratified with ihoae 
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of softer texture, are not so congenial to mineral depositB as those 
which are aubject to decompoBition when exposed to the atitao-l 
sphere. It appears, therefore, that, aa the harder rocks seldoW 
contain mineraJ deposits of importance, the higher ranges must, 
as a rule, be leas productive than those of leaser elevation. It 
must not be supposed, however, that the really soft rocks are 
those in which mineral deposits are most likely to be fonnd ; 
for, unless a rock is indurated to some extent, it is hardly likely 
to contain mineral deposits of value ; it thus appears that rocks 
of medium hardness are generally the most promising, and that 
those which decompose readily, and form a considerable quantity 
of oxide of iron in the process, are, generally speaking, the more 
worthy of attention. 

The phvsical condition of the rocks also requires to be studied. 
Whilst the actual angle of beddiug, whether flat or steep, 
appears to exert veir little influence on the value of the 
deposits, it is seldom the case, where rocks have been subjected 
to much contortion, where, in fact, they are bent and twisted / 
into many sharp anticlinal and synclinal folds, that they con' 
tain mineral deposits of a permanent nature. v / 

The intersection of sedimentary strata by igneous dykes may, 
generally, be looked upon as a favourable indication, more 
especially when these ai'e of a homblendic or augitic nature, 
such as diorite or diabase ; but this condition, like the last, 
must not be taken to apply where the strata are greatly 
disturbed by the intrusions. There are certain rocks, such 
OS limestones and serpentines, in which very irregular deposits 
of mineral occur, and which do not follow any known rules, and 
in rocks of this class valuable, though very erratic, deposits are 
occasionally found. 

It will thus be observed that what one has chiefly to depend 
upon, in deciding whether a new district is worthy of the 
attention of the prospector, is a development of an "eye for 
country," which can only be acquired by practice, bearing in 
mind the hints given above. 

Alluvial Deposits are those which are derived from the 
parent rooks by denudation, and thus the general remarks ' 
regarding the nature of the country will generally apply to 
these deposits as well ; but there are certain points relating to 
them which deserve special attention at this early stage of 
the subject. 

Those alluvial deposits which occur near their parent rocks 
are governed absolutely by the conditions already quoted, but, 
seeing that the denudation which produced the sands and 
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gravels in which alluvial gold and other precious metals are 
lound hea operated during long periods ; that, in some inetances, 
this denudation has been on a gigantic scale, while the amouub 
of gold included in the gravels formed is only small ; that 
BUbsequent cross- drainage may have concentrated this gold 
in tho beds of streams until it is in sufficient quantities to be 
or value, and that the gold may have been transported for great 
distances from the point from which it was originally broken ; 
it behoves the prospector to test any beds of gravel or other 
alluvial deposits he may £nd, by panning, in order to satisfv 
himself whether or no any metal or mineral of value occurs in 
them. 

It is not only on tho surface, in the beds of streams, that 
alluvial deposits may exist, but they are frequently found buried 
at some depth below the surface soil ; in these cases shafts have 
to be sunk until the bed rock is reached, on which the metal is 
generally richer than in the overlying drift There are also 
numerous instances in which the contour of the country has 
been completely changed since the deposits were formed, and 
many cases might be cited in Australia in which old river beds, 
carrying both gold and tinstone, have been buried below sheets 
of basalt, necessitating heavy expenditure in testing the deposit 
before it can be decided whether the metal occurs in sufficient 
quantity to make it payable to work. 

It must be obvious that very few surface indications of 
deposits of this sort can be looked for, and, although a pros- 
pector well acquainted with a district may be able to form 
conclusions, it is quite impossible for a new arrival to do so 
with any degree of certainty, without having recourse to a 
study of the work of previous observers on the structure of the 
country ; and here it is of importance to mention the fact that 
in every civilised part of the world a great deal of information, 
of a reliable nature, is available regaining the geological struc- 
ture of the country, and the experience that has been gained as 
to the distribution of minerals. The res[]ective governments 
employ geologists, surveyors, and other officials to investigate 
these points, and to report concerning them ; and it is of the 
greatest assistance to any new arrival to procure these reports 
and study them carefully. 

Condltiona which have to be Studied. — It must be borne 
in mind that the prospector has not only to find mineral 
which is in itself intrinsically valuable, but must also know 
enough regarding the methods of working, the costs of dif- 
ferent processes, &c., to determine whether the metal or 
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miDeral is present in sufficient qnantitj to make the deposit 
of value. 

There are many considerations that vill affect a decision on 
this point ; for, in certain cases, deposits of very low valne can 
be worked, whibt in others, even moderately rich ores are 
worthless because the conditions that prevail are not favourable. 
While it ia beyond the limits of a book of this sort to enter at 
all fully upon so important a subject, it will be well to indicate 
in some way the points which require special attention. Natur- 
ally, the first question is the richness of the ore ; a question 
-which can, in certain caseB, be answered approximately by an 
examination of it, by panning tests, or by assay of carefully- 
taken samples. In testing this question, it must always be 
borne in mind that the value of mineral deposits will vary 
irithin a distance of a few feet ; hence constant sampling should 
be undertaken at every point available, so aa to decide the 
extent and value of the richer and poorer portions of the 
deposit. 

It 18 obvious that a deposit only becomes of value when 
sufficient ore has been shown to exist to make it certain that 
it will pay for extraction, and when it ia known what treat* 
ment may be necessary. Until that time the deposit is only 
a prospect, and, as such, comes within the province of the 
prospector. 

Having tested a deposit in this manner and arrived at a 
knowledge of its intrinsic worth, other points require atten- 

Is water power available to enable the mine to be worked 
at a minimum cost, and what expense is likely to be incurred 
in utilising this t 

Do facilities exist for transmitting, by means of electricity, 
power generated by water at a point some distance from the 
deposits 

Is there sufficient water available for the mechanical or 
metallurgical operations that will have to be carried on ! 

Is there much or little water in the mine which will have to 
be pumped 1 

Is fuel available in large quantity snd at a reasonable cost J 

Is labour good, plentiful, and cheap I 

Can mining timber be procured cheaply and of good quality} 

Is there a good and suitable site on which machinery can 
be erected t 

What facilities of rommunication by rail or road exist, and 
what is the cost of freight ! 

hull, .. A''."->'^ll-' 



IKTBODUOTIDir ASD HINTB OIT QBOLOGT. 7 

Is the ore of a refractory nature, or can it be easily treated 
for the recovery of the metal it contains i 

Do special facilities eJuat which make mining very cheap I 

It is upon the answers to these questions that the value of a 
deposit will depend, seeing that, in some cases, mines are worked 
and mineral extracted with large profits from ores which are 
not intrinsically worth more than lOs. or 12s. per ton; while, 
in other cases, ores that have a value of £i or £5 per ton, or 
even more, will not pay to work, because the oonditions are 
not favourable. 

It must be clearly understood that only very large deposits 
can be worked which are of so low a grade as those first 
mentioned, because it is only by treating large quantities that 
the cost of extraction can he brought to a minimum, and an 
operation of this sort will involve a very large expenditure of 
capital at the outeet. It is difficult to further define the con- 
ditions which must be fulfilled, so that the prospector must 
rely upon his own judgment to a very great extent, bearing in 
mind the points already alluded to. 

Books. — In the mineralogical portion of this book allusion 
will be made to the rook-formiog minerals, and it is now pro- 
posed to give some account of the combinations of minerals which 
compose the different rocks, as well as the physical conditions 
ander which they occur. 

Bocks may be divided into two great groups, viz. : — Those 
which are of eraptive origin, or were, at the time of their 
formation, in a plastic state induced either by fusion or the 
influence of heat in the presence of moisture ; and those which 
are of sedimentary origin and have been deposited by the 
agency of water under conditions very similar to those which 
now prevail upon the earth's surface. 

The latter group, however, is capable of further subdivision 
into meohanioally and oi^anioally formed rocks; while the 
former may be subdivided according as they were formed at 
great depths below the surface of the ground, like the granites ; 
were intruded as dykes, like the Cornish elvans ; or poured 
forth from volcanoes, like the basalts. 

These subdivisions, both in the eruptive and stratified 
rocks, are not clear and well defined, but merge one into the 
other. Granites and basalts, for instance, both occur as dykes ; 
whilst calcareous sandstones are formed partly mechanically and 
putly by organic means. It is not proposM to give any long 
description of the operations of Ifature in producing these rocks, 
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3 for distinguishing the dlfierent 

iit. 

lOKEOUB OK EbUPTITE ROCKB. 

IgneouB rocks are either of hydro tier ma!, trappean, or 
volcanic origin, and any classification should at the outset 
take this division into consideration. 

The hydrothermal rocks include all those of granitic 
character, auch as granite and syenite, and their various modi- 
fications, which are characterised by the presence or absence of 
special minerals. It will be sufficient here to mention that 
Qronite is a crystalline granular admixture of the minerals, 
orthoclase, mica, and quartz ; and that Syenite consists of 
orthoclase and hornblende. There are a number of intermediate 
rocks, some of which will be found in the table on p. 9 ; but the 
limits of this book will not permit of details. 

These rocks have apparently been formed at great depths 
below the surface of the earth, and in the presence of water 
raised to a considerable temperature, thus allowing the respective 
minerals to crystallise more or less perfectly from the magma 
formed. 

By the term magma, it is implied that at depths below the 
Buriace the rocks existing, whatever their origin may have been, 
are raised to such a temperature that, were they on the surface, 
they would fuse ; but being under the pressure of the overlying 
strata they are unable to expand, and so fusion is prevented. 
But in the presence of water, which appears to occnr to every 
depth it has yet been possible to explore, the heat probably 
effects a partial solution, and in the digester thus existing, a 
more or less pasty mass is formed, from which the minerahi 
crystallise in a consecutive order. 

The fact that of the minerals which constitute granite, the 
felspar and mica, both more fusible than quartz, occur as 
crystals ; whilst the quartz forms a crystalline paste, which ia 
always moulded around them, is in itself a proof that the rock 
could not have solidified from a state of mere fusion ; moreover, 
the enclosure of a number of microscopic particles of water in the 
quartz of granite appears to indicate that, in some cases at any 
rate, water must have been present at the time of its formation. 

The trappean rooka, as they were called by the older 
geologists, form a convenient field-group of rocks of medium 
crystalline grain, occurring in dykes and sheets. Moat dolerites 
and diabases come under this head 
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Toloanlo rooka are tbose which have re&ched the snrface, 
either through volcanoes or simple fissures, and have been 
distributed as lava streams or as volcanic dust, &o. ; thej have 
very marked differences in structure, dependent upon, their 
chemical composition. The traohytes contain a large propor- 
tion of silica, and are generally of a grey colour j they consist of 
hornblende and sanidine, which is a transparent variety of ortho- 
clase. It must be remembered that in true trachytes nojree quartz 
occurs, and that when quartz cryatala are developed, or when 
there ia an excess of silica in the glassy ground, the rock 
becomes a rtayolite. On the other hand, there is a series of 
basic volcanic rocks in which the percentage of silica is not 
high, and these are known collectively as basalts. Basalt 
consists of augite and magnetite, with a certain quantity of one 
of the triclinio felspars, and, generally, olivine ; these rocks are 
named basalt, anamesite, or dolerite, according as they are fine 
grained, of medium, or distinctly crystalline structure. There ia 
also a series of intermediate rocks between trachytes and basalts, 
known as andesltes, in which the homblende-andesites consist 
of hornblende and a triclinic felspar, and are allied to the 
diorites ; whilst the augite-andesites are very closely allied to 
the basidts, but contain more silica in their composition. 



Sedimentary Rocks. 

The meohanioally formed sedimentary rocks consist of mnd, 
clay, sand, and gravel, together with their corresponding shales, 
slates, sandstones, and conglomerates, which have been produced 
by consolidation of the sediments. They are also at times 
changed, by a process of metamorphism, analogous to what takes 
place in the formation of granite, to schists, gneiss, or quartzite. 

The organioally formed rocks comprise limestones and coals, 
the former being produced by the accumulation of the shells of 
moUnscs, &c., which have extracted lime from the water to form 
their covering; the latter, by the growth, decay, and submer- 
gence of trees and plants. Besides these, certain beds, such as 
gypsum and rock salt, have been precipitated from solution 
in inland waters, such as the Dead Sea, or Qreat Salt Lake 
of Utah. 

MoTsments of the Books. — These varied rocks which have 
either, as the sedimentary deposits, been formed nnder water, 
or, as the eruptive rocks, Intruded through other beds at all 
times during the geological history of the Earth, have, since their 
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formation, been sabjected to numerous changes. Some have been 
raised from the sea without being tilted to any extent from their 
original horizontal position ; others have been folded into most 
fantastic shapes ; and others again have been completely in- 
verted. In other cases, movements which have taken place 
since the rooks became solidified have caused fractures, and by 
the rocka on one side of the crack sliding on those on the other, 
fooltB have been produced. 

Without entering into any of the theories which have been 
propounded to account for these tnovemente, it may be stated 
that, even at the present day, great and important movements 
of the land are continually taking place ; in some parts the land 
is slowly rising from the sea ; in others, a continued but gradual 
subsidence is going on. Earthquakes, moreover, produce slight 
oscillations of the land, and thus a redistribution of the land and 
sea is in constant progresa 

There is ample evidence, in the occurrence of fossiliferons 
locka which enter into the structure of important mountain 
ranges, that these oscillatiouu of the land have also occurred 
in the past, and the varying angles at which the different 
sedimentary rooks are lying show that in many cases they 
must have been sabjeoted to a lateral pressure, which haa 
produced the crumpling of the rocks already referred to, and, 
in some cases, the dislocations or foults which have also been 
mentioned. 

Where the rocks have been folded in the form of an arch, 
they are said to form an antiolinal ; and where they occupy a 
basin, they are spoken of as forming a BynolinaL Widespread 
folds of uie foregoing nature are called ge-antiolinals and 
geo-synolinals respectively ; and it is interesting to note that 
in the areas occupied by ge-antidinals the rocks are generally 
so much broken and jointed that they offer great facilities for 
removal by the ordinary denuding agents ; hence it is hardly to 
be wondered at that ge-anticlinals generally occupy valleys and 
depressions on the present surface of the earth. Not only is 
this the case with large structural movements, but the ordinary 
anticlines and synclines, which are of more local character, 
are found to exhibit the same peculiarity ; for the synclines 
generally constitute the hills, while the anticlines occupy the 
valleys. 

Geol<^oal Obaerrations in the Field. — While it is not 
necessary for the prospector to make accurate geological surveys 
of the country on which he is engaged, it is very often of im- 
portance for him to obtain some idea of its stmoture ; as upon 
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this may frequently depend the value, or otherwise, of special 
areas to which he iaa.j be inclined to devote his attention. 
More especiallj in stratified deposits, such as coal, is this of 
importance ; but, even when deling with lodea, it is frequently 
useful to study the distribution of the rocks in order bo discover 
what effect those of different nature exert upon the mineral 
deposits. 

In examining the surface of a couutry in which the rocks are 
of sedimentary origin, it will be found, as a rule, that the beds 
are inclined at varying angles to the horizon, and in making a 
geological survey of any special district it is necessary to note 
the dip and strike of the rocks at every available point When 
any well-marked bed occurs, such, for instance, as a seam of 




Fig. 1.— Plan. 

coal or belt of conglomerate or limestone, its line of outcrop 
should be carefully followed and mapped ; the boundaries of any 
eruptive rocks should also be clearly delineated on the plan. 

The atrike of a rock is the direction of a horizontal line in 
any of the beds ; or, in other words, the direction in which a 
level drive would be put in on the Soor of the bed. The dip 
is a line at right angles to the strike on the plane of the beds, 
and the angle is to be measured in relation to the borizoO. 

When any particular bed is followed on the surface, it is 
often found that it does not continue with the same strike for 
any great distance ; that, in fact, it gradually veers round, as 
shown at (a) in the sketch, the direction of the dip changing at 
the same time. By a study of a plan thus made the positions 
of the anticlines and synclines can be determined, and other 
lines of elevation can also be notwl ; and a section constructed, 
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such as the foUoving, which Herves to convey a very fairly 
accurate conception of the structure of ths country. As a. 
natter of &ct, the boundaries of rocks are sometimes rather 
obscure in consequence of the variable movements which have 
occnrred ; but the occurrence of faults and dykes is what makes 
this tracing of boundaries on the surface most difficult, Tba 



Fig. 2. —Section. 

displacements due to faults may be only an inch or ao, or may 
be several hundred feet ; while in a few exceptional cases, as, 
for instance, in the fa,alt which crosses Scotland from Dunbar to. 
the Ayrshire coast, the displacement may be as much as two or 
even Uiree miles. 

A study of faults is of very great importance, more especially 
on account of their close association with mineral lodes ; but . 
faults should never be assumed for the purpose of explaining 
difficulties which are encountered in mapping the sur&ce geology, 
unless very good evidence of their existence can be found, and 
until every other means of explanation of the phenomena has. 
been tried and found wanting. 
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CHAPTER U. 

TBR DETBBKIlIATIOIl OF IIIHEKALB. 

Tbz determination, of the more important mineralB which majr 
be met with deserves special attention at the oatset of the 
subject, and the present chapter will be devoted to the aitapler 
means of distinguishing them. It is not, however, intended to 
enoroaofa upon the detailed study of mineralogy, on which sub- 
ject the many valuable treatises published can be consulted. 

When minerals occur in a sufficiently pure state, thay are 
generally cryatalliaed more or less perfectly, in certain definite 
forms — e.g., ptfritee, caieite, and garnet — but many minerals, 
especially those forming sedimentary rocks, are composed of 
very minute grains, in which either the oryHtolline form baa 
been imperfectly developed or tbe minerals are altogether 
amorphous— e.^., earthy Umettone, cocU, and matsive pyriUs. A. 
few are incapable of crystallisation — e.g., amber and limonite. 

Mineralogy treats only of natural inorganic substances which 
have tbe same composition throughout ; but rocks, which may 
be composed of several minerals, either crystallised or not, some- 
times exhibit on a large scale regular forms, which must not 
be considered as due to crystallisation, but to the process of 
-cooling ; or to cooling and drying, and the consequent contrac- 
tion. Compact basalt, for instance, which has been formed in 
.a molten state, is frequently divided daring cooling into more 
-or less regular prisms, whi<^ are often six sided; and some of 
the extensive beds of gypsum near Paris have, in drying, 
assumed the form of huge prismatic pillars. 

There are certain physical properties of minerals which are 
of importance in their determination, regarding which a few 
notes will be of interest. 

SrRucrruBR, 
When minerals do not occur either in isolated crystals or in 
.distinct groups, but consist of aggregated crystalline or compact 
articles, they affect different kinds of structure ; and this struo- 
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ture, besides aasisting in the determlnatioa of minerals, is of 
economic importance; for on it depends the value of certain 
minerals for ornamental purposes. 

Oran'olar Stnioture, of whioh stuidstone may be taken as 
a type, is produced by more or less rounded grains being 
cemented together, A coarse granular structure is best seen 
in chrome iron-ore, in whioh the grains, since they are not 
cleavable, can be noticed at once. Galena and zinc blende are 
often more or less granular; but, since both these minerals 
cleave readily, the fractare is lamellar when the grain of the 
ore is coarse. If, however, they are fine grained, these, in common 
with many other ores — e.g., copper glance, cinnabar, pyrrhotine, 
and, more rarely, ewvrgiu and stibniU — exhibit a fiiie granular 
structure, and are sometimes so fine grained as to approach 
more or less perfectly to a compact texture. 

SaoohBfold Stractare. — When the mineral is composed of 
small crystalline grains, showing facets and cleavages, the 
Btruoture is called saoobaroid — e.g., aUUuary marble and 
alabaater, 

IfEimellar Stfuoture. — When the crystalline particles are 
minute and flat, being laid one on the other, the structure is 
termed BOaJy — e.g., chloriU; while a true lameUar or 1n.TniTm,T 
foliated structure, which is best seen in tola and mica, also 
exists in molybdenile, and more rarely, and in a less perfect 
manner, in mc/cel glance. 

Capillary struotuxe is best illustrated by aaheatoa, the fibres 
of which are readily separable; but a similar structure may be 
noticed in some specimens of milisrite, the fibres being easily 
separable, but small, brittle, and generally radiating. Only a 
few other minc^rala possessing this structure could be mentioned, 
and an equally small number occur in velvet or tuft-like ex- 
crescences. 

Fibrous Btraotore is the term employed to describe those 
minerals in whioh the fibres cannot be easily separated, and is 
generally to be observed in minerals crystellised in a lode 
perpendicular to the walls of the fissure ; but is sometimes 
developed parallel to the walla, or even in radiating groups. In 
the first two cases the fibres are straight, as in ehrgsotile, which 
forms small veins in serpentine, and is only a variety of ser- 
pentine itself; and agaio, in caleile and gypnan, two minerals 
whioh sometimes exhibit this structure, but do not ordinarily 
possess it; both fibrous calcite and fibrous gypsum have been 
called mtin-jpor, and are cut as ornaments. The fibrous radiate 
^tmctare is conspicuous in malachite, wood tin, and some 
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heBmatite$; U well marked in stnlttctiteB of ealeite, ban/tet, and 
caiamine, 'while gothiie, fpheronderite, and apatite may atso be 
mentioned as occurring in radiating fibrous forms. Minerals 
possessing this radiate structure are often called " conoretions," 
but many concretions consist of concentric layers where there is 
no sign of crystallisation, and must, therefore, be distinguished 
from those in which crystallisation exists. 

Badiate Struotore is not only found in minerals formed of 
minute needle-shaped crystals, but stout prismatic crystals with 
pyramidal ends are sometimes arranged in radiating groups, as in 
the case of amethytt quarts when crystallised in vughs or cavities 
in rocks or lodes. Pyrilei also, and azurite, when found in balls 
which have crystallised iu a semi-liquid mud, exhibit the above 
structure. When radiating crystals assume a slender prismatic 
form they diverge from one another, sending their needle-shaped 
projections in every direction around the centre, like spines on a 
sea urchin ; pyrolueile, ttUmile, and natrolite occur in such forms. 

Baoillary Struotiire is the term used to describe those 
mioerala which occur grouped in bundles like sticks — e.g.,Epidote. 

Dendritio Structure. — Where many crystals are attached 
one to the other, like beads in a necklace, and especially where 
these diverge like the branchea of a tree, they are called 
dendritio. Native cojiper, silver, and gold frequently occur in 
this form, and oxides of Iron and mangaaese are often found in 
the joints of rocks crystallised in the most beautiful fem-Iike 

ConOTetionsry Stmotnre is affected by uncrystallised mineral* 
which have grown from a centre in concentric layers ; and may 
also be seen in certain rocks — e.g., basalts, BandtUmee, &o., in which 
decomposition has taken place around centrea Where nodules 
have grown around a centre in mud or loose sand, the form is 
spherical or nearly so. Many valuable ores of iron occur in 
spherical forms ; exteuBive deposits (oolitic iron) formed entirely 
of small grains occur in the Jurassic system of Europe ; pisolitic 
ores, in which the grains are the size of a pea, are found in the 
Tertiary rocks, and similar ores also occur in serpentine. In 
the Jurassic system, oolitic limestones composed of small perfectly 
round grains of carbonate of lime occur, and a simitar structure- 
is dev^oped in the calcareous sand on the shores of the Great 
Salt Lake at Utah. 

The centre of these nodules is sometimes formed of a mineral- 
grain, and very often of a fossil plant, fish, or shell. In slaty 
rocks the nodules are flattened and irregular in shape, and ara 
sometimes mistaken for fossils. 

hull, .. A''-"->'^l^' 
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Mammillary Straotiue. ~ When conoretious have been 
formed at the same time ai-ound several centreB, which are at 
regular distances apart, a mammillory structure is induced — e.ff., 
chaieedony, which is very variable in fonn and size ; different 
modificationB are described as botryoidal (like a bunch of 
grapes), remform (tidney-like), &o. 

Nodules of ironstone with fossil fish occur in the Carbonifer- 
ous and Permian syatema of Europe, and nodules of oement stone 
in the Cretaceous rook of Kew Zealand. When depoaition takes 
place around a stick, the concretion haa the form of a cylinder, 
this structure being very common in some bog iron ores; and 
earthy cobalt ores are found under the same conditions in New 
Caledonia, where thej occur in a decomposed diorite associated 
with serpentine, and have accumulated around the roots of 
existing trees. Concretions of manganese ore are also formed 
in the depths of the sea. 

VitreouB Structure. — When minerals exhibit no sign of 
crystallisation they are called amorphous ; and some which do 
not possess the power of crystallising can be distinguished as 
having a oompsot or vitreous structure — e.g., amber. 

Cleavage. 

Crystallised minerals have a tendency to split more readily 
in some directions than in others; this property is termed 
oleavage. In some minerals the deavagea are so eaay that, 
in transparent varieties, the planes of cleavage can be seen 
through the crystals, this being often the case in Iceland-spar, 
oTlhodoM, and ba^ytet. 

In the cube and rhomhohedron, in which the faces are all of 
the aame shape, there are three directions of cleavage parallel 
to the sides — e.g., galena and rock-salt in the cube, and caidte, 
dolomite, and aiderite in the rhomhohedron. These cleavages 
are very apparent and are good characters for recognition of 
these minerals 

The most useful instance of cleavage is that which occurs in 
the diamond, in which there is an easy cleavage parallel to the 
sides of the octahedron ; advantage is taken of this property in 
shaping diamonds for outting. If the blade of a knife is applied 
in tne proper direction, a smart blow will effect the cleavage. 

In six-sided prisms there is an easy cleavage parallel to the 
base in some minerals — e.ff., beryl or emerald and apatite. 

In the rhombic prism there is also irequently an easy cleavage 
parallel to the base— e.j., topaz and tale. Barytea, which cryatal- 
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lises ia modified rhombic prisms, haa two easy cleavageH parallel 
to the aides of the prism, and one parallel to the basa 

In the oblique prisma oforthoeleue there are two easy cleavages, 
one parallel to the base and another at right angles to the first 
and parallel to the oblique diagonal. They are at right angles 
to oae another, hence the name of the mineral 

Cleavage is also a property of certain rocks — e.g., slaia — and 
is moat perfectly developed in roofing slates of good quality. 
In quarrying aandatonea advantage is taken of the joints of the 
rock to divide it into building stones and slabs of different 
thickness, which have subsequently to be dressed on the sides 
as required; but these properties of jointing and cleavage in 
rocks are of quite different origin from the cleavage of minerals, 
being due entirely to stress or pressure in various directions 
after the consolidation of the rocks, and have no relation 
whatever to the composition of the rocks, whereoa, cleavt^e 
in minerals is a structural peculiarity, which is constant in 
certain mineral species. 

Lustre, 

The term lustre is employed by mineralogists to describe, 
with certain adjectives, the brilliancy or gloss of any substance. 
In describing the lustre, well-known substances are taken as 
the types, and such terms as adamantine lustre ^diamond-like) 
and Titreons lustre (glaasy) are used. When minerals do not 
possess any lustre at all they are described aa "dull." The 
lustre of a mineral ia quite independent of ita colour. 

The terms usually employed to describe the luatre of minerals 
are as follows : — 



1. MetalUc 6. I 

2. Semi-metoUio. 6. Greuy. 

3. Ad&mimtine. 7. Nacreooa. 

4. Vitreone. 8. Silky. 

These terms are purely arbitrary for, although a plate of 
polished silver may be taken as the best type of metallic lustre, 
this is also exhibited by all the metals irrespective of their colour, 
and by most metallic sulphides, such as pyrites, atihnite, &c.; 
hence no distinct line can fee drawn between those minerals pos- 
sessing a metallic lustre and those coming under the sub-metallic 
groap, of which diallage and anihraeiU may be taken as types. 
The luatre of minerals will frequently vary — 

(o) As they are more or less impure. 

(6) As other physical properties vary. 
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Id illustration of the first claas of variations, irindow glass 
may be taken as the type of vitreous lustre ; but glass can be 
made to exhibit a lustre approaching that of the diamond, 
mother of pearl, opal, ikc, by the admixture of certain chemical 
substances. Something approaching; an adamantine lustre oan 
be imparted to glass by lead, and the same effect can also be 
«btained, although with greater intensity, by substituting the 
rare metal thallium, which is very closely allied to lead in its 
chemical properties. Very good imitations of the diamond are 
made in this way, which are sometimes difficult to detect by a 
superficial examination. 

The second class of variations may be illustrated by gypsum, 
which has a vitreous lustre when crystallised, but a silky lustre 
when fibrous. 

Many minerals possess a difierent lustre on diiferent faces ; 
pyrosjnalite, for instance, which crystallises in the form of a six- 
sided prism, has a semi-metallio lustre on the sides, while the 
-ends are greasy or nacreous. 

Oalcite and gypsum are vitreous on some &cea, and nacreous 
on others ; and the same may be said of oeleatine, orpiment, and 
orthoclase. 

The lustre of minerals may be taken advantage of for the first 
subdivision in a scheme for recognition ; and for this purpose it 
iaonly necessary to divide them into those which have a metallic 
lustre and those which no not possess this property. 

Metallio and Semi-Metollio IiOBtre. — The first term needs 
no definition ; all metals in the native or pure state, and especi- 
ally the noble metals, exhibit this quality in the highest degree, 
and are, indeed, so bright when polished that they can reflect 
images perfectly. Some sulphides have a perfect metallic lustre, 
and iron pyrites was formerly used by the Indians of South 
America to make their mirrors. All metallic sulphides have a 
metallic lustre, with the exception of zino blende and cinnabar, 
which are adamaatine ; although some black varieties of zinc 
blende containing much iron might be described as metallic- 
adamantine ; and hauerite (sulphide of mangaaeee), which has 
but an imperfect metallio lustre. 

Without HCetallio Iinstre.— This group inolndes a large 
number of minerals, many of which are of commercial value ; 
and it will be well at this point to call attention to those which 
possess an adamantine lustre. Of these, the diamond aSbrds the 
most perfect type of adamantine lustre, although other well- 
known minerals can also be considered as good illustrations — 
t.g., catsiterile when in pure and shining crystals, eircon, and 
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eeruaaite. It may be well to agaia reiterate tlie fact that colour 
has nothing to do with this property of ]ustre. 

Most minerals whose lustre is adamautine are yerjr heavy ; 
the diamond is lightest — ap. gr, 8*6 ; then oelahedrxte, blende, 
and gOthile — sp. gr. &bont 4. Between 4 and fi sp. gr. 
another variety of titanic acid called rutile and also sircon 
occur; between 6 and 6 Bp. gr. vaiarOinile, cuprite, embolite, 
pyrargyrite, and prouslite are found ; between 8 and 7 ap. gr. 
eroeoinie, eeruaeite, angletite, and umljeniu — all of which are 
lead minerals ; these and calomel, or chloride of mercury, have 
an adamantine lustre ; and between 7 and 8 ap. gr. may be 
noted cassiterile, or oxide of tin ; mimetite, and pyromorphite — 
both of which are lead minerals; wolfram, or the tungatate 
of iron and manganese, and cinnahar. A few of these — e.g., 
rutUe, pyrargyrita, and wolfram — have a metallic adamantine 
lustre. 

Out of the twenty minerals mentioned above as possessing 
an adamantine lustre, the diamond is the only non-metallic 
mineral ; the remaining nineteen are metallic, and of these 



The remarkable property possessed by lead of imparting an 
adamantine lustre to minerals and artificial products is well 
known, and is taken advantage of in the imitation of precious 
stones, but the greater the proportion of lead employed, the 
softer is the glass formed. 

COLOOR. 

The colour of minerals may be due to four different causes ; 
but in some cases it is difficult to say to which of these groups 
coloured minerals belong. 

Qbouf 1. — Those in which the colour of a mineral is that 
which it would possess when pure, or when artificially formed. 

Gkodp 2. — Those in which the colour is due to the mixture of 
substances crystallising in the same form, and replacing one 
another in the composition of a mineral. 

Gboof 3.— Those in which the colour is due to a small quan- 
tity of (Solouring matter, dissolved in a, mineral, by which its 
chemical composition is not greatly affected. 

Group i.— Those in which the colour ia due to a mechanical 
mixture of substances, which are not dissolved in the mineral, 
but can easily be distinguished on microscopical examination. 
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In this group are included those minerals whose colours are due 

to mere impregnation. 

Gbocp 1. — The first group can be illustrated by the following 
examples : — 

Black. — Graphite, coal, and black oxide of copper. 

Blue. — Azurite and lapis lazuli. 

Q-reen. — Malachite, libethenite, dioptase, atacamite, nickel 
ochre, texasite, and bromargyrite. 

Yellow, — ^ Sulphur, amber, orpiment, and wulfenite. 

Orange. — B ealgar. 

Bed. — Cuprite, pyrargyrite, cinnabar, red ochre, and red 
htematite. 

Fink, — Brythrine, diallogite, and rhodonite, 

WUte or ColoorleBS. — Nearly all the alkaline and earthy 
minerala when pure— e.^., barytes, gypsum, calcite, meerschaum, 
cryolite, and quartz. 

It will he seen that nearly all coloured minerals of the first 
group are metailic, although none are included in the above list 
whose lustre is metallic; they are, with few exce])tion3, 
anhydrous oxides of the metals, metallic sulphides, antimonidea 
or arsenides. 

A few minerals possess a metallic lustre and characteristic 
colour, as follows : — 

Tlolet to Copper Bed or Tlolet Brown. — Erubescite or 
bornite. 

Indigo Bine (semi-metal lie). — Covelline. 

Qreenish Grey,— Tin pyrites. 

BrasB Yellow.— Millerite and copper [>yrites. 

Copper Bod.— Native copper. 

Iiight Copper Bed. — Nickeline, breithauptite. 

BeddiBh Silver Wliite. — Cobaltine. 

Beddish Brown (due to tarnish ; normal colour on fraotore, 
tan white to steel grey}- — Domeykite. 

YellowiBh Brown to Copper Bed. — Pyrrhotine. 

Violet Brown. — Nickel pyrites, sternbergite. 

Brown Black. — Hauerite. 

Group 2. — The most common instances of colour due to the 
interchange of iaomorphous substances are those of the carbon- 
ates of iron (aiderite), of manganese {diallogite), of lime (caicile), 
and of magnesia and lime {dolomite). The two first are coloured, 
while the other two are colourless or white ; but, since they can 
replace one another in any proportion, ntUriU, which is yellowish, 

hull, .. A''."->'^l^' 
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aad diallogiU, of a floBhy colour, wiU impart a shade of colonr to 
ealeiie or dotomile when combined with bhem. 

Kerargyrile and brcmuvrgyriU are also isomorphous ; the first 
is grey in colour, the second dark groen ; and mixtures of the 
two, or chlorobromides of siiTer termed emholiU, &c., are of all 
shades from grey to dark green, according to the relative pro- 
portions of chlorine or bromine they contain. 

Group 3. — Very little seema to be known of those substances, 
a very small proportion of which at times impart bright colours 
to minerals. The colour so derived may be described as acci- 
dental, since the trace of colouring matter does not greatly affect 
the chemical composition of the mineral, and in this clasa may 
be included all the gems. Diamond, which is colourless when 
quite pure, is occasionally red or blue, and then attains a fabul- 
ous value ; but is more frequently yellowish, brown, or black. 
Corundum ifl commonly blue {sapphire), red (rwiy), more rarely 
yellow {oriental topaa), and still more rarely green (firiental 
emerald) or violet (oriental amethyst). 

Topaz is colourless, yellow, or light blue. Emerald, beryl, 
and aqua marine are the same species, but the first is of a rich 
deep green and the others of a pale bluish-green colour. The 
colouring matter of the emerald is still uncertain, for, although 
some analysts are said to have found chromium present, the 
emerald loses its colour at a red heat, at which temperature 
oxide of chromium should not be destroyed; this seems to 
suggest an organic matter as the colouring agent. 

Quartz, which in its pure state is colourless, often occurs 
milky, smoky, or black, more rarely yellowish (citrine quartz), 
imitating topaz or violet (amethyst). A crystallised variety 
from Spain is hyacinth red, and a compact variety pink. 

Amongst minerals other than gems three are most remark- 
able on account of the different colours they assume, these are 
fluor-spar, apatite, and rock-salt Fluor-spar and apatite occur 
in nearly the same shades of colour, ranging from colourless to 
white, pink, red, yellow, green, blue, violet, and the intermediate 
hues. Rock-salt is found colourless, white, red, yellow, and blue. 

A variety of orthoclase, remarkable for its apple-green colour, 
ia found in Siberia and Colorado. The colouring substance is 
still unsettled, although stated by some to be copper. 

It is not always easy, or, indeed, possible, to draw a clear line 
between the coloured minerals of Groups 3 and 3. If the most 
notable groups of the silicates be taken — e.g., the hornblende, 
augite, game^ epidote,' and tourmaline groups — it ia found in 
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each that, while all the mineralB compoiiuig the group obey the 
fwme laws of orystaUisation, and only vary in compoaition within 
certain limits, the minerala are white, colourless, or highly 
coloured, according to the proportion of colouring matter, chiefly 
oxides of iron, manganese, and chromium, present. In the 
hornblende group there are white, or nearly white, varieties 
((mJm(o« and IremoHle), which do not contaiu iron ; an inter- 
mediate variety (actinolile), which contains a smaU quantity of 
iron, is green ; and a third variety {?u)mblenii«), which contaios 
a large proportion of iron, ia black, or nearly black. 

In the augite group there ia a variety (diopaide) which is 
generally transparent, colourless, or pale green, and contains 
only traces of iron ; while two other varieties are nearly black, 
and contain large proportions of iron and manganese. 

In the garnet group there ia a variety (groaaviaria) which is 
white or very pale green, and contains very little iron ; a red 
variety (almandine), used as a gem, and containing much iron ; 
a black variety (melanile), also containing much iron ; and a 
green variety {uwarowite), containing much chrominm. 

In the tourmaline group Che substances which impart colour 
are more difficult to determine precisely. Those containing 
much iron are brown or black ; the green contains iron and 
manganese ; the red containe manganese and no iron ; and the 
colourless contains no iron, and only a trace of manganese. All 
the colourless and light-coloured red and green varieties also 
contain lithia. 

Group 4. — The substance which most frequently colour* rooks 
and minerals mechanically is oxide of iron, imparting a browniah 
or red colour to earthy- looking minerals and rocka, and it ia to 
this also that the yellowish and reddish colours of some sand- 
stonea and limestones, used for building purposes, is due; 
although, in some marbles, the colour is said to b« derived from 
organic matter. 

The nickel ore of New Caledonia, which consists of sUica, 
magnesia, and oxide of nickel, seema to be, in some varietiea at 
least, only silicate of magnesia impregnated with oxide of nickeL 
In some mines the silicate of magnesia exists nearly or quite 
free from nickel, and of a pure white colour, whence it passes 
through all shades to the richest green. Some specimens under 
the microscope ahow the green oxide of nickel diaseminated in 
grains throu^ the white silicate of m^nesia. 

In some cobalt and nickel mines in Germany stalactites of 
carbonate of lime are coloured pink by a mechanical impr^- 
nation of arseniate of cobalt- 
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The silicftteB kdcI carbonates of zinc are white when pore, tttt 
the presence of iron eu a mixture often gives them a yellow 
eolonr ; and calamine, when bine, ia cotoured by copper. 

Habdnkss. 
The hardest labBtance known in nature ia the di&mond ; all 
other minorala can be scratched by it. Between this and the 
softest — «.ff., tale and hom^ver — certain minenilB have been 
chosen to form a aeries called the aoala of hardness, which is 
of great use in the determination ot mlnerala. It need hardly 
be added that the true hardness of a mineral is that which it 
exhibits when approximately pure, and is best tested in 
crystallised varieties. 

Sou.! or HAttDNBS. 

kl%^ }8cr.tch.dbythe»^ 

3. Cnloite I 

^. Flnoi-lpftr > Scratohed b; iteel of ordinary hardnesi. 

6. AtMitite ) 

6. Orthoclaae— Scratclied by well tempered atoel— not 

by window glaaa. 

7. Qturtz. 
S. Topaz. 

9. Comndnm. 
10. Diamond. 

In descriptive books of mineralogy the hardness of minerals 
is always expressed by numbers ; thus, chromiU H. 0-S, signifies 
that this miuera.) will scratch apatite, but can be scratched by 
orthoclase. 

Some precautions are necessary when testing the hardness of 
any mineral. The scratch should be made on a smooth clear 
surface and with a sharp edge or angle of the scratching mineral. 
It often happens, if the mineml experimented upon is the 
harder, that, instead of a scratch, a line of dust is left on its 
surface. This should be carefully wiped away, when it will be 
easily seen that no scratch ha« been produced on the harder 
mineral, and that the edge of the other has been blunted. This 
is what would happen if an attempt were made to scratch topas 
with quartz or corundum with topaz. 

Streak. 

In testing the hardness of minerals another character of im- 
portance — viz., the streak or colour of the dust iormed when a 
mineral is either scratched or powdered, may be observed. 
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A few minerala which are malleable — e.g., aopper glance and 
tilver glance — aa well as the malleable metala ttemselvea, instead 
of giving a dust when scratched afford a ehining streak. The 
streak, however, of moat minerals ia of a lighter colour than the 
mineral itself 

A certain number of minerals with metallic or semi-metallic 
lustre are difficult to distinguish by their mere appearance, 
their colour ranging from silver-white to iron-black. For a 
discrimi&Rtion of these their streak is frequently of value, and 
the preceding table will be of service in distinguishing them. 

Regarding these it may be noted that stibnite frequently has a 
blackish tarnish, bisTauthine and domeykiU have a yellowish iride- 
scent, trnaltine has sometimes a greyish iridescent tarnish, while 
gersdorfftte and occasioaally galena are tarnished grey or greyish 
black. Polybasite in small crystals is red by transmitted light 
and the dust of enargite has a metallic lustre. Among the 
softest minerala a few are malleable like was — e.g., ozokerite and 
korn-silver ; whilst others are composed of particles or lamellse 
so slightly cohesive that they separate when either touched or 
rubbed, and soil the fingers more or less readily — e.g., molybdenite, 
earthy manganese, red and yellow ochres, steatite, graphite, &c. 

Flexibility and Elasticity. 
Some minerals can be easily bent without breaking — e.g., tala, 
miea, chlorite, molyhdenite, riative silver, &c. Those that, after 
being bent, can resume their former shape like a steel spring 
are called elastic— e.g., miea, and elalerite. A remarkable 
instance of flexibility, even combined with elaaticity, amongat 
the rocks ia that of a micaceous sandstone from Brazil called 
itacdumils, which ia the matrix of the diamonds there. 

Malleability. 

Malleable substances can be hammered oat without breaking, 

and it is on this quality that the value of certain metals in the 

■trts depends — e.g., copper, silver, gold, lead, iron, Ac 

A few are malleable and at the same time sectile, that ia to 

say, can be cut with a knife — e.g., silver glance, ham-silver, 

and ozokerite. 

Mineral caoutchouc (elalerite) is sectile, but, like India rubber, 

oan only be shaped when hot. The elasticity of elaterite is so 

characteristic that the mineral wiil be readily recognised. 

DuctiUty or the capability of being drawn into wire ia a 

property which is confined exclusively to certain metals. It is 
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posBflSBed by gold in the highest degree, slace that metal can be 
drawn into the finest wire or rolled into leaves of aach fineDes» 
that 30,000 of them are not thicker than an eighth of an inch. 

Shell. 

A few minerals only, like bitumen, have a strong smell, 
which is readily recognised ; but specimens generally require 
to be struck with a hammer, rubbed or breathed upon, before 
any smetl can be observed. Some black limeatonea have a 
bituminous odour, while some have a sulphurous, and others 
a fcetid Bmell; hydraulic limestone haa a smell of clay, which 
can be detected when the mineral is breathed on. Some 
minerals containing much arsenic — e.g., mispiehel — smell of garlic 
when struck with a hammer. 



Taste. 

Only soluble minerals have any taste, and this oan only be 
described by comparison with well-known substances — e.g., acid, 
vitriol; pungent, sal-ammoniac; salt, rock-salt; cooling, 
nitre; astringent, alumj metallio astringent, sulphate of 
copper ; bitter, sulphate of magnesia ; sweet, borax. 



Sfbcifio Gravity. 

Prospectors soon acquire some profioienay in testing the weight 
of minerals by handling them, and a little practice with well- 
known snbstukces will enable them to class most minerals within 
certain broad limits by this system of observation. The specific 
gravity of a mineral is its weight compared with water at 
standard temperature and pressure, which is taken as the 
standard, and described as having a specific gravity of 1 ; con- 
seqnently, to determine that of a mineral it is necessary t« find 
the weight of a piece of the mineral and that of a corresponding 
bulk of water, and to divide the first by the last. 

This can be done with great accuracy in the laboratory, where 
delicate balances are available, but is not applicable in the field, 
when the most that can be undertaken is to class minerals 
roughly within certain broad limits, and, indeed, this is frequently 
sufficient for the prospector. A rough classification of minerals 
under three groups is as follows, the arrangement being consecu- 
tive ft«m the lightest to the heaviest. This list does not include 
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all the minerals mentioned in this book, but may be t&keti aa a 
Bcale which will serve for purposes of comparison with other 
mineralfl : — 

Oroup 1. — Specific Gravit; leaa than 3'6. — Amber, bitumen, 
lignite, coal, natron, sal-ammoniac, borax, Epsom salt, anthracite, 
potash alum, copperas, saltpetre, sulphate of zinc, sulphur, nitrate 
of soda, chabazite, graphite, sulphate of copper, rock salt, opal, 
gypsum, harmotome, quartz, orthoclase, lapia lazuli, serpentine, 
beryl, emerald, vivianite, cordierite, albite, anorfchite, labradorite, 
alunite, talc, steatite, calcite and marble, cryolite, dolomite, 
magnesite, aragonite, mica, fluor-spar, tourmaline, turquoise, 
anhydrite, nephrite {jade), apatite, andalusite, calamine, epidote, 
hornblende, augite. 

Group 2. — Speoiflo Q-raTity between 3*6 and 8'6. — Topaz, 
diamond, olivine, diallogite, realgar and orpiment, spinel, 
pleonaste, strontianite, chrysoberyl, rhodonite, azurite, spathic 
iron, limonite, blende, celeatine, garnet, gosthite, corundum, 
malachite, copper- pyrites, pailomelane, brookite, rutile, willemite, 
amithaonite, witherite, manganite, t«nnantite, chromite, tin 
pyrites, molybdenite, magnetic pyrites, barytes, atibnite, eircon, 
hausmonnite, braunite, pyrolusite, pyrites, magnetite, tetra- 
hedrito, htematite, kerargyrite, proustite, awenio (metallic), 
bomite, pyrargyrite, mispickel, cobaltine, cuprite, gersdorffite, 
anglesite, stephianite, tellurium, pitchblende, cerussite, bismuth 
glance, antimony (tnetallie), chloanthite, smaltine, tinstone, 
bisrauthite, argentite, wolfram, nickeline, galena, cinnabar. 

Qroap 8, — Speolflc Gravity over S'6. — Copper, bismuth, 
silver, mercury, electrum, gold, platinum, iridium. 

A rough idea of the specific gravity of minerals can be arrived 
at by washing in the tin dish, and this process, which in under- 
stood by every prospector, and in whose hands it can be made to 
yield the best results, will give sufficiently accurate results for 
the determination of the most common minerals. In all pro- 
cesses of ore concentration, based on specific gravity, the larger 
. stones are separated mechanically at the outset, and the grains 
of sand, in which the final concentration takes place, are of more 
or less uniform size. In dressing tin and lead ores this sorting 
is frequently effected by metallic sieves forming the bottoms of 
jiggers. The sorting in a tin dish is effected by picking out the 
larger stones by hand, but in testing the specific gravity of 
minerals they should be divided, in the first instance, into regU' 
lar sizes by sifting. For this purpose two sieves will be sufficient, 
one with eight holes, the other with sixteen holes to the linear 
inch ; then all which will pass through the coarser sieve, but not 
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through the finer, will be of sufficiently uniform size for the testa 
required. 

The lighter portions will first be separated by washing ; these 
will consist of sbale, ferruginous quartz, brown oxide of iron, 
pebbles of tourmaline, Ac, mostly of a lower specific gravity- 
than 3'&, and the heavier minerals which remain in the dish 
will be zincblende, magnetite, pyrites, htematite, mispickel, 
tinstone, wolfram, gold, platinum, <kc. 

By a careful manipulation of the dish in the manner generally 
adopted by miners when showing the gold, these heavy minerals 
can be easily enough separated into three groups, viz. : — gold, 
platinum, &c., including the minerals of group 3 ; tinstone, 
wolfram, &o., including the heavier minerals of group 2 ; and 
zincblende, magnetite, htematite, mispickel, &c., including 
the lighter and medium minerals of group 2. 

Some of these minerals, mispickel for instance, can be readily 
recognised, and, where this is the case, those which lie up- 
stream and those below can be subdivided aa being of greater 
or less specific gravity respectively than 6-3, which is the 
specific gravity of mispickel. Where the minerals in the dish 
cannot bo readily recognised, a few fragments of metallic anti- 
mony or zinc, or tinstone painted white (all of which have & 
specific gravity of about 7), should be introduced into the dish 
to serve as a gauge. 

Another way of dividing minerala according to their specific 
gravity is by meaua of liquids of high density, those most 
convenient in practice being the Klein Solution (Gadmium 
Borotnng state), and that suggested by Brauns, Methylene 
Iodide. The former can be diluted with distilled water, the 
latter only with benzole. The use of these liquids is discussed 
in most modern text-books of mineralogy or petrology, but th& 
most simple method oi rapidly determining the specific gravity 
of smai] mineral grains, gema, &o., is undoubtedly the Dlffiision 
Ootumn, devised by Professor Sollas. A small quantity of the 
liquid selected, at its maximum density — say 3 '3 — is poured into- 
a test-tube; A dilute solution of the same material is gently 
added to this, and fioats upon the top. Gradually, if left for 
from 12 to 24 hours, diffusion takes place, and Prof. Sollas 
has shown that a column of liquid results, the density of which 
inoreaaea with regularity from above downwards. If grains of' 
known density, such as fragments of well -selected minerals, 
are dropped into this column, they will fioat at diSerent levela, 
and will act as index-points. An unknown grain, unless its 
density is greater than that of the lowest layer of the column,. 
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will float at a certain level, where the liquid is of the aame 
density as itself. Its specific gravity can be found by measnriiiK 
the distance between any two of the index-grains, from whic£ 
the incretuie of deDsity can be determined for, eay, every milli- 
-metre that we descend in the column; the vertioal distance of the 
■MntnowTj grain above or below one of the known ones will then 
■serve, by a simple proportion, to determine its fli>ecific gravity. 

It will be seen that nearly all the metallic minerals have 
a specific gravity between 3'6 and 8-6 — e.g., copper pyrites, 
chromite, pyroluaite, atibnite, iron pyrites, las. — or are lighter 
than copper, which stands by itself with a specific gravity of 
.about 8-7. 

The heavier metals and metallic minerals have specific gravi- 
ties ranging from 96 to 19. They are few in number, and will 
be easily recognised. 

Lastly, the few metallic minerals in Group 1, with low speclfio 
gravities, are sulphates, carbonates, silicates, and phosphates, 
which contain a large proportion of oxygen, and they often 
contain water in combination with them. Amongst these are 
copperas, vivianite, dioptaae, chrysocolla, azurite, Im. ; none of 
them being compounds of minerals heavier than copper, and this 
for two different reasons. 

In the first place, a heavy metal, such as lead, even when 
oxidised, will still form a heavy miner^ — e.g., cerussite or 
angleaite ; and in the second, the noble metab, which are at 
the same time the heaviest, do not occur as oxidised minerals, 
but are found only in combination with sulphur, chlorine, 
bromine, iodine, arsenic, antimony, or tellurium. 

Amongst the non-metallic minerals a few are remarkable for 
their high specific gravity, in consequence of which they will be 
found to encroach upon the metallic aeries. 

They are all found in mineral veins, although for one of them 
/celestine) this la the exception. Barytes is the heaviest ; its 
specific gravity being about 47, or that of stibnite. Witherite 
has a specific gravity of 4-3, or about that of tin pyrites. 
Celestino has a specific gravity equal to that of alabandine ; and 
strontianite is nearly as heavy as carbonate of iron, its apecitic 
gravity being 3'7. 

The number of minerals whose specific gravity is not superior 
to 3'fl is far greater than all the metallic minerals; but their 
importance is not ao great, although they include all the com* 
buHtible minerals, all the soluble minerals, and most of the 
.earthy minerals; about half of them are silicates, all of which 
. are rather hard. 
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The lighter rnmemls of this series are chiefly either com- 
bustible or soluble, the heaviest combustible minerals beiog 
diamond, with a specific gravity of 36; graphite, 2-2; and 
sulphur, 3. 

Amongst the soluble minerals the heaviest are sulphate of 
iron, 1*9, and sulphate of copper, 2'2. The others are all, or 
nearly all, alkaline salts, the heaviest being nitre or saltpetre 
with a specific gravity of about 2. 

Amongst the numerous class of silicates, including silica itself, 
the lightest is opal with a specific gravity about 2; then come 
the zeolites, which are hydrous silicates containing a certain 
proportion of the alkalies, soda, or potash, which make them 
very easily fusible, and all of these have specific gravities rang- 
ing from 2 to 2'3; while quartz, on the importance of which 
mineral it is not necessary to insist, has on average sjKcific 
gravity of 3-6. Nearly ail the silicates, therefore, have specific 
gravities ranging between 2 and 3'5; but some are heavier, 
such as zircon (the heaviest of the precious stones), which has a 
specific gravity between 4 and 4'7, and chrysoberyl with a 
specific gravity between 3'6 and 3'S. 

It will be seen from the foregoing remarks that the division 
of minerals into three groups according to their specific gravity 
will be easily made, and will be very useful for purposes of 
identification. 

BlOWPIFB CHABACrERS. 

Minerals may be either hydrous or anhydrous, and consist — 

1. Of elements alone; e.g., native metals, gold, tilver, platinum, 
Ac., or stdphitr. 

2. Of combinations of the other elements with oxygen forming 
oxides; e.g., cuprite, hasmeUite, or guairtx. 

3. Of combinations of the other elements with sulphur, anti- 
mony, arsenic, tellurium, chlorine, bromine, or iodine forming 
sulphides, antimonides, arsenides, tellurides, chlorides, bromides, 
or iodides ; e.g., pt/ritee, a^lvanUt, kerargyriU, or en^olite. 

4. Of combinations of a metallic oxide, or base with an oxidised 
non-metallic element or acid forming carbonates, phosphates, 
sulphates, nitrates, or silicates; e.g., maiachite, lUethemle, pyro- 
mmpihite, dioplaae, &c 

All chemical tests for minerals, whether with the blowpipe or 
in the wet way, depend upon some chemical change which is 
brought about, thus allowing the element, bas^ or acid to be 
recognised. These changes consist either of the decomposition 
of me mineral, or the formation of fresh compounds. The 
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following instancea will sufficientljr illastrate the character of 
t^ese changes. 

If the oxide of a metal, copper for instance, is mixed with 
carbonate of soda and fused on charcoal, the copper ia reduced 
to a metallic state, the oxygen combines with the charcoal to 
form carbonic acid, which goes away as a gas, and any silica 
which is present decomposes the carbonate of soda to form a 
silicate of Boda, which may be looked upon as a slag. 

If a hydrous mineral is heated in a glass tube, closed at one 
end, the water is given off and condenses as drops in the cool 
part of the tube. 

If an arsenical mineral — e.g., mUpitfcel — ia heated in a closed 
tube a crystalline deposit of arsenic is formed in the tube ; but if 
it is heated in the air, white fumes of arsenious acid are evolved 
which smell like garlic. 

If a drop of hydrochloric acid be placed on a carbonate, such 
as limestone, the presence of carbonic acid is recognised by the 
effervescence which takes place, the stronger acid having com- 
bined with the lime has liberated the carbonic acid in a gaseous 
form. To the case of very many mineral carbonates, the acid 
requires to be heated for this reaction. 

The discrimination of minerals will form the basis of the 
determination of the value of an ore ; for if, by washing in a tin 
dish, a coarsely pulverised sample of ore which is known to 
certain galena and copper pyrites, the percentage of each of these 
minerals, which can be easily separated and roughly weighed, 
can be ascertained it will be possible to calculate the proportiotui 
of lead and copper within certain limits, and if either silver or 
gold, or both of these metals, be present ia the ore, these can be 
estimated in the concentrated galena and pyrites. 

Assays are not only purely chemical or metallurgical, for in 
certain cases tbey can be made mechanically, as in the washing 
process for gold or tin ; and when ores are employed for certain 
purposes in the arts, their properties for these purposes can be 
tested on a small scale without any chemical analysis at allj 
and quite enough information can be gained to show whether the 
ore is worthy of any further chemical treatment. 

The Blowpipe and IJainp or Candle. — The common mouth 
blowpipe sold by wholesale druggisis, or the one used by jewel- 
lers, will answer all the purposes of the prospector ; or a very 
useful and cheap blowpipe case, known as the Society of Arts' 
blowpipe case, can be obtained. The cheap blowpipe intended 
for mineralogical tests is made conical, and sufhcientljr large 
from the mouth end to the extremity (which connects with the 



THR DETKSHIKATIOIT Of WNEBALB. 33 

Bmall tube directed towards the flame), for the moisture to ac- 
camalate in the widest part, as otherwise it would spoil the 
test. It is necessary, of course, from time to time, to shake the 
blowpipe and expel the water. / 

A common candle will be forino sufficient in most cases, but 
for reductions of metals, when abetter and more powerful flame 
is required, a mixture of methylated spirit or alcohol with tur- 
pentine or benzine will be necessary. Accordiog to the strength 
of the spirit, the proportions will be from 6 to 12 parts of spirit 
to 1 part of turpentine, or about i parts of spirit to 1 of benzine. 
This mixture can be burnt in the common glass spirit lamp used 
by chemists, but with a flat wick fitting in a suitable socket, and 
of about htjf an inch in width by one-fifth of an inch in thick- 
ness. 

The Ubs of the Blovpipe requires great practice, and it is 



Fig. 3.— Oitdising and Foiing Plama, 



Fig 4.^R«d[LciDg Flam«. 

probably not so difficult to acquire as it ia to explain. The 
blast is not obtained by sending air direct from the lungs, but 
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by BGoamnlatiiie it in the month, the cheeks being inflated, and 
then sending the air into the blowpipe hy the action of the 
muaclee of the cheeks. The opentiona which have to be con- 
ducted with the blowpipe consist of fudons, oxidations, and 
reductions. Fusion will require the use of the hottest part of 
the flame ; oxidfttion, a sufficient acoeu of air into that part of 
the flame in which the assay is placed j and reduction will 
retfuire air to be excluded from the assay, in which case the 
combustible materials in the flame which require oxygen to 
burn them will extract that oxygen from the mineral being 
tested. 

The foregoing drawings illustrate the different results, either 
oxidising or reducing, which can be obtained by the use of the 
blowpipe. 

The Ozldlsins and Fiuing Flame. — The wick should be 
out a-fresh, parallel to the inclined rim or socket, if the lamp ia 
used, since a charred wick will produce bright yellow bands in 
the blue cone of the flame, which are rich in carbon and possess 
a reducing action. The nozzle of the blowpipe must be placed 
a little in the flame, and nearly touching the wick, so as to send 
the air into the middle of the flame. The blast should be moder- 
ately strong, and the inner part of the flame produced will be a 
long pointed bluish cone, which is a little brighter near the 
point; the outer part will be very thin and pointed, of a light 
blue colour, and scarcely visible. The bright point of the inner 
cone is the hottest part, and in it the minerals to be fused will 
be placed, whilst those to be oxidised will be held a little beyond 
this point in the outer flame where the oxygen is plentiful. 

The Beduoing Flame. — The flame of the lamp or candle 
should be stronger tban in the first instance ; and, if possible, 
the blowpipe should be used with a smaller aperture, or the 
blast should be moderate, so as to obtain but an imperfect com- 
bustion. At tM same time, the point of the blowpipe must not 
penetrate into the flame, and the air should pass a little above 
the wick. The flame will then take the shape of a long, bright 
cone, surrounded by a pale blue flame slightly visible^he 
obscure inner part being shorter than in the oxidising flame. 

BeagentB. — The only reagents which will be absolutely 
necessary are borax, carbonate of soda (calcined), and, rarely, 
microcosmic salt, nitrate of cobalt, and a little hydrochloric and 
sulphuric acid A few others are occasionally necessary, but 
their use is limited. 

AooessoriflS. — Some platinum wire, platinum forceps, a small 
pestle and mortar made of agate, a small sieve, a magnet, some 
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small glass tubee, and some good firm charcoal, practically com- 
plete the necessary equipment. 

Fusibility.^ The ease or difficulty vith which minerals are 
fused, while not affecting their chemical composition, is fre- 
quently of use in their diacriniiDation. Nearly all the sulphides 
are fusible — e.g., etibnite and pyrites; and some ailicates contain- 
ing soda or potash are also very easily fusible — e.g., teoUles; many 
oxides are infusible — e.ff., ehromile aad corundum — as also are 
many silicates, carbonates, sulphates, &«., containing oxides of 
alumina, magnesia, lime, Ac., in considerable quantitiea. Zinc 
forms many infusible compounds, and sulphide of zinc or a^no- 
ihnde ia the only infusible sulphide. 

Aa a rule, minerals composed of several oxides are more easily 
fusible than those in which only one of the infusible oxides is 
present. The following is the scale of fusibility generally 
adopted for purposes of compturisoa : — 

1. Stibnile. — Fuses easily in the candle flame. 

2. NatrcliU. — Fuses in the candle flame. 

3. Almandine garnet. — Fuses easily even in large fragments 

before the blowpipe. 

4. Hornblende, 



mblende, \ 

ar. Actinolite. ( 
■koclase, f 

a.r. Adularia. ) 



Fuse more or less easily before the 
, Ortkoclase, f blowpipe in minute ft'agments. 



6. BroTis^. — Small fragments are only rounded on the edges 

before the blowpipe. 

7. Qnonx. — ^Infusible in the ordinary blowpipe flame. 

Colour of Blowpipe Flake. — Oertain minerals, when heated 
before the blowpipe, impart characteristic colours to the flame. 
The mineral should be used in small scales or fine powder. In 
the first case it should be held by the platinum forceps, and in 
the second taken up on red-hot platinum wire. In both cases 
the platinum must be quite clean, and impart no colour itself to 
the reducing flame. Platinum is best cleaned by heating it red 
hot, and plunging it into sulphuric acid. 

Flame colour-tests can be made either by strongly heating the 
mineral in the reducing flame, moistening with hydrochloric 
acid, and heating again ; or, which ia better, if the wick of the 
candle be trimmed very short, and the mineral be heated and 
then brought rapidly in contact with the ii'ick, the flame color- 
ation is observable as a flash which is very distinctive. 

The Same colorations are as follow : — 
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Bod Flame. — Strtnttia, Lim«, or Lilhia. — Of these, the lime 
flame is jellowisb-red, and that of atrontia and lithia purple-red. 
The strontia coloration does not disappear when looked at 
through blue glass (coloured with cobalt), vhile that produced 
by lime and litbia is extinguished. 

Yellow Flame. — All compounds containing soda. 

Oreen Flame. — Minerals containing baryta — e.g., harytta and 
wi^riU — give a yellowish-green flame. 

Minerals containing copper (except in the presence of cblorlne 
or bromine) colour the flame emerald-green. 

Phosphates — e.g., apatite and pyromorphite — when moistened 
with sulphuric acid and held so as scarcely to touch the l.ordera 
of the flame, impart to it a very pale bluish-green colour. 
Borates moistened with sulphuric acid and held in the flame 
ot the spirit lamp, without blowing, colour it green approaching 
emerald in tint. 

Blue Flams. — Chloride of copper gives a blue flame with a 
purple border, and bromide of copper greenish -blue. All copper 
minerals moistened with hydrochloric acid yield this reaction. 

Violet Flame.— Some minerals containing potash colour 
the flame violet, but the smallest trace of soda is suihcient to 
destroy this colour. If a strip of blue glass is used a beautiful 
purple colour is seen through it. 

OoLODB OF BoRAZ Beads. — A loop having been made in the 
platinum wire, sufficient borax should be taken up and fused in 
the loop to form a. clear transparent bead. A small quantity 
of the mineral to be tested being fused with this, the bead will 
be coloured if certain substances are present It should be 
understood that in applying colour tests either with borax 
beads or flames the minerals must be pure, because when com- 
plex compounds are treated the different colours are liable to 
obscure one another. Consequently, colour tests are only 
characteristic for minerals which are not too complex in com- 
position. The following are the charaicteristic colours of borax 
beads : — 

Cobalt. — Bead of a deep blue colour in both oxidising and 
reducing flame. 

Copper.— Bead blue in oxidising flame, and red and opaque 
in the reducing flame. 

Titanates and Tungstates. — Bead colourless in the oxidising 
flame, and violet-blue in the reducing flame. 

Manganese. — Bead violet in the oxidising flame, and colour- 
less in the reducing flame. 

ITiokel. — In the oxidising flame the bead b violet when hot. 
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and pale reddiah-browu when cold. la the reducing flame the 
bciid becomea grey from the reduction of nickel oxide to the 
metallic state. 

Chromiom. — The bead is always green. 

UrBnium. — Bead yellow in oxidising flame, and green in 
reducing flame. 

Iron. — In the oxidiBing flame the bead is yellow to red while 
hot, and from colourless to yellow when cold. In the reducing 
flame the bead is bottle green. 

Colours op Microcosmio Salt Beads. — This salt is not so 
often used as borax ; it requires the loop of the platinum wire, 
and consequently the beaid, to be much smaller, as otherwise, 
the fused salt being more liquid, it would not adhere to the 
wire. With few exceptions, the colours imparted by metallic 
oxides are the same as those already mentioned for borax, but 
they are ofben more vivid. 

With microcosmic salt iron givea, in the reducing flame, a 
reddish bead ; whilst with borax, in the same circumstances, it 
it bottle green. Urauium, instead of a yellow bead in the 
oxidising flame, gives a green one. 

Tests on Cbarooal. — One of the most useful and practical 
tests for minerals is that which can be made with a piece of 
charcoal, or even a small wooden stick put in a solution of 
carbonate of soda and burnt at one end. A small hole is made 
at one extremity of the charcoal, and a piece of the mineral, 
about the size of a mustard seed, put into it. Some minerals 
possessing an easy cleavago decrepitate or fly when heated before 
the blowpipe, and they will have to be used in powder. 

The fusibility of the mineral will, of course, be observed, but 
the principal characters that can be detected depend chiefly 
upon the easy reduction, oxidation, or volatility of certain sub- 
stances. A few give off a characteristic smell on volatilisation. 
Minerals which contain sulphur, as sulphides, yield fumes with 
the smell of burning sulphur ; arsenic gives a smell of garlic ; 
and selenium one of horse radish. t 

Some metals of easy reduction, but which unite quicklj'with 
oxygen at a high temperature, yield only a pulverulent <n^ing 
of oxide. Zinc gives a yellow coating when hot, which iWcomea 
white when cold. Cadmium gives a brownish-yellow coating. 
Other metals give, at the same time, a metallic bead and a 
coating of oxide. A bead of lead will be known by its malle- 
ability and a yellow coating on charcoal. Bismuth is brittle, 
and the coating is yellow ; antimony is also brittle, but the 
coating is whit& 
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Metals can be reduced without giving any coating when they 
are not eaBily ozidisable, such as gold, silver, or copper. It is 
very easy to obaerre the malleability of a bead thus formed by 
striking it with a small hammer ou a cleaa surface of an anvil. 

Some iron minerals, especially oxides, and some compound 
of nickel and cobalt give, when treated on charcoal, a^^jirtly 
reduced grain which is attracted by the magnet,. 

Teats on CliaTOOBl with Carbonate of Soda. — Oertaln 
metals of leBS easy reduction will be obtained in the metallic 
state by mixing them with carbonate of soda in fine powder and 
treating them on charcoal with the blowpipe ; the minerals 
mentioned under the foregoing division will exhibit the same 
characters, and will be more easily reduced than with charcoal 

Tinstone, which is an oxide of tin, mineralogically called 
caesiterite, is very difficult to reduce on charcoal with carbonate 
alone; but with cyanide of potassium it is easily reduced in 
small globules, which can be flattened out in the agate mortar 
in water, and are easily recognised. 

Sulphates- — s.ff., gypnim, harytea, alunite, anglesife, &o. — when 
fused with carbonate of soda on charcoal are reduced with the 
formation of sulphide of soda (a mass of liver colour called 
hepar). If the fused mass be placed on a clean silver coin with 
a drop of water it will leave a black stain of sulphide of silver. 

Tests with Carbonate of SodA and Nitre. — Manganese and 
chromium may be detected when heated oo a piece of earthen- 
ware or platinum, after having been mixed with the above 
reagents, by forming, the first a greeu, and the second a yellow 
mass. Nitre is necessary in these teats as, containing a large 
quantity of oxygen, it supplies it for the formation of the com- 
pounds, which are both salts containing a large proportion of 
oxygen — viz., manganate and chromate of soda. 

Teata with ITitrato of Cobalt. — Nitrate of cobalt dissolved 
in water, and used in exceedingly small quantity, helps to dis- 
criminate between certain white minerals — e.g., kaolin, Tneer- 
aekaum, magnetite, dolomite, ka. The mineral is reduced to 
powder and moistened with a drop of a very tight solution, and 
then heated before the oxidisiiig flame of the blowpipe. Kaolin 
and other minerals containing alumina assume a rich blue 
colour, while meerschaum and other minerals containing mag- 
nesia become flesh coloured. Oxide of zinc, under the same 
circumstances, becomes green, and this can be tried with the 
white coating obtained on charcoal by reducing an ore of zino 
with carbonate of soda. 
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Tests in aiasa Tubes. — These can be better made over a 
epirit lamp, so as to avoid the deposit of soot on the glass ; but 
they can also be made with the blowpipe flame, provided it is 
used carefully, avoiding too sudden a heat, which would break 
or fuse the glass. The presence of water in minerals will bo 
detected in this way, and the water collects in small drops in the 
cold part of the tube. Hydrous minerals which are likely to 
give this result will be easily found in the list of minerals. 

Some minerals containing sulphur, arsenic, antimony, tel- 
lurium, and selenium often give a characteristic deposit. 

Minerals containing mercury can also be tested in this way, as 
by adding a little carbonate of soda, sometimes with cyanide of 
potassium, a sublimate of metallic mercury will be formed in the 
cold part of the tube. A little charcoal shoald be added to 
arsenical minerals. 

Organic combustible minerals generally leave a deposit of 
carbonaceous matter at the bottom of the tube, and the volatile 
hydrocarbons condense in the cooler part ; the tube should there- 
fore always be long enough to allow for this condensation, 
minerals which yield a characteristic smell will be best tested in 
this way. 

DETEBMINAnON OF MINERALS. 

The present scheme will be found to answer in most casep for 
the identification of minerals of common occurrence, but will not 
discriminate between the many rarer species. Fully a thousand 
minerals have been described from time to time, but in this book 
it is not proposed to deal with more than about one hundred 
which are of common occurrence. In any case, however, the 
system adopted will give some clue as to the nature of an ore. 

The physical chai'acters already described may, in some cases, 
render it unnecessary to follow out the course of the tables given 
below, but, when any doubt exists, the systematic tests enumer- 
ated are best followed. 

Minerals have been divided for purposes of identification into 

(a) Minerals with metallic lustre. 
{bj Minerals without metallic lustra 

Some doubtful minerals exhibiting a semi-metallic lustre — 
e.ff., siwMende — are placed in both groups. 

An attempt has been made to form groups of the useful 
minerals, so that each group could be easily recognised by one or 
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more characters. All the ores of copper, for instance, yield a 
bead of copper Then treated on chai-coal with aoda before the 
blowpipe, BO that the gronp of copper minerals can be separated 
at once and the different minerals identified in the manner 
described in the chapter on Copper Ores. 

Many minerals are mentioned in the tables which have no 
apparent value to the prospector, but had a scheme of deter- 
mination been drawn up for only the most common minerals, 
say fifty in number, mistakes would have been unavoidable 
when any rarer minerals, not so included, were found. In the 
present scheme all minerals of any importance to the prospector 
are included as well as many which, while of no economic im- 
portance, are likely to bo met with, and no time will be lost in 
discrimination if the directions are intelligently followed. As 
regards the metallic ores, they can he classed as silver, copper, 
lead, Ac., without pushing the inquiry any fui-ther if it is only 
desired to form an estimate of the nature of the ore and not to 
determine the mineral species. 

Although, as already stated, some of the minerals included in 
the tables would not, at first sight, appear to be of any import- 
ance to the prospector, they are, many of them, of indirect 
importance as constituents of certain rocks. It will be seen 
how intimately connected with the different mineral deposits 
are the characters of the rocks in which they occur, and a 
prospector who would ooquire the scientific knowledge which 
underlies his business must learn to distinguish the different 
classes of rocks, the first step towards which is the recognition 
of the minerals composing them. It is perfectly true that in 
prospecting for valuable ores a thorough knowledge of the 
ernptive and other rocks is of scarcely less importance than the 
discrimination of the ores themselves. 



Hinerals vith Metallio Iiustre. 

The native metals which are malleable may be recognised at 
once ; they are platinum, gold, sUvtr, and copper. Mereury and 
and the native amalgams can also be easily recognised. Silver 
glance alone, which is so malleable and sectile as to be mistaken 
for.lead, would have to be further tested for sulphur with the 
blowpipe to be identified with certainty; but native lead is 
extremely rare, and silver glance is not likely to be confounded 
with silver. Platinum will be recognised by its infusibility 
before the blowpipe. 
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MiiTERALa Easily Fusible or Volatile. 

I. Before the blowpipe, give smell of garlic due to arsenic. 

{a) With soda on charcoal give, before the blowpipe, a bead 
of copper (see Copper Ores and Silver Ores iov polyoaiite). 

(6) With borftx give, before the blowpipe, a blue bead due to 
cobalt (aee Oobalt Ores). 

N.B. — Some nickel ores occoaionftlly contain enough cobalt to give this 
reaction, but otherwise they give a brown bead. 

(c) Before blowpipe, do not give the above results, hub in a 
glass tube afford a crystalline sublimate of arsenic. 

If the mineral, after having been heated for a long time before the blow- 
pipe on charcoil, melts to a black magnetic bead it is mitpickel ; bat if, in 
Hie tube, it is oompletely volatile it is native artenic. 

ir. Before the blowpipe, give off abundant while JuJnes without 
tmell, due to antimony. 

N.B. — A smell of snlphur or arsenic may sometimes be observed in 
minerals belonging to this group if these substsnces are present in sufficient 
quantities, but the white fumes of antimony are characteristic. At the 
commencement of the operation the charcoal is covered with a heavy white 
coatine which does not colonr the flame ; but this must not be conhiunded 
with the ashes of the charcoal which are also white, but are very light. 

(a) With soda on charcoal give a bead of silver (aee Silver 
Ores). 

(6) On charcoal with soda give a bead of copper after the 
lead present has been oxidised ; leaves also a dark red coating 
on the charcoal (see Copper Ores ; boumonite). 

(c) On charcoal, before the blowpipe are almost, or entirely, 
Tolatile. 

N&ttTe antiniOIiy is entirely volatile, leaving a white coating ; there 
is no smell of sulphur, and the metal is tin-white. 

Stibnits (see Antimony Ores) is lead-grey to steel-grey, and is also 
entirely volatile, but focms a black slag at first, and a smell of sulphur can 
&lso be detected. 

Jamesonite and Zinekenlte (see Lead Ores) ore lead minerals con- 
taining antimony, are net of common occurrence, and are not entirely 
volatile. With soda they afford a bead of lead as also a smell of burning 
•ulphur, and, in the oxidising flame, a yellow coating on charcoal. 

ff.B. — Some galenas when miied with atibnite give the same reactions ; 
but galena will be recognised by its three cubic cleavages, while zinckenite 
ia not cleavable, and jamesonite has only one cleavage. 

Ill, Be/ore the blowpipe, give a smell ofgulphtir without white 
Jumes, and treated with eoda on charcoal form an alkaline 
aulpkide. 
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If.B. — The bulk of carbonate of Kxla med ihauld be three times that of 
the Bua; ; when the mass is melted it U separated from the charcoal with 
tho point of a knife and placed on a silver coin with a. drop of water. If 
Bnlphnr it praMut a brown Etain will be formed on the ulver, 

(a) On charcoal with soda, before the blowpipe, give a bead of 
copper (see Copper Ores and Silver Ores ibr Stromegerine). 

Strome^erine will be identified bj diaBolving in nitric acid and preci- 
pitating with Bait, a white Qoccnient precipitate ra chloride of diver oeing 
formed. 

(b) On charcoal with soda, before the blowpipe, give a bead of 
silTer (see Silver Ores), 

Silver g'lance ii easily aectile and very fnaible, 

(c) On charcoal with Boda, before the blowpipe, give a malle- 
able bead of lead and, in osidiaing flame, a yellow coating in 
the charcoal (see I^ad Ores — Galena). 

(d) Treated as above give a brittle bead of metallic bismuth 
(see Bismuth Ores). 

(«) Treated as above yield a magnetic moss. 

Millerite {aee Nickel Ores) us a rare mineral of a brass-yellow coloor 
and occurs in capillaiy crystals. 

Pyrites (see Iron Ores) occars as brilliant crystals or massive of a light 
brasB-yellow colour, and is hard enongh to scratch glass. 

Stei^berglte (aee Silver Oree) is of a bronze -yellow colour, doe* not 
scratch glass, and yields a masnetic bead containing silver, 

NleOpyrlte (see Nickel Ores] is bronze-yellow or copper-red, does 
not scratch glass, and with microcoemic salt forms a bead which ia red 
when hot, yellow when cold. 

PyPrhOtine (see Iron Orea) is bronze-yellow or copper-red, does not 
scratch k'i^^i >nd with mtcracoBmic salt gives a green bead in the reducing 
flame, while in the oxidising Some the colonrs are the same as for nico- 

e the blowpipe, a smell of horae-radish ia 

Seleninm occurs combined with lead, copper, mercury, and silver forming 
minerals which are very rare, and are not again moiiti<'ned in this book. 

V. On charcoal, before the blowpipe, give a tffiite coating tokich 
beeomtt green or greenish-blue be/ore the reducing ^me. 

When heated in a glass tube with excess of concentrated salphnric adjl 
the eolation assnmea a pnrple or hyacinth colour, which disappears when 
water ia added, a, greyish-black dust falling to the bottom uf the tube. 
This dust is tellurium, a rare metal which occura in many minerals, especi- 
ally with silver, gold, and Icsd (see Tellurinm Ores}. 

VI. A few minerals which melt more or les» easily </o not 
answer to any of the ftfrtgoing characters and will be considered 
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(o) Reddish silver-white, brittle; specific gravity 9-7 (heavier 
than copper), very brittle and easily fusible ; native biamuth. 

(b) Ked, dust cherry-red, brittle. On charcoal with soda 
yield a bead of copper. Cuprite (see Copper Ores), 

(c) Black, not easily fusible or nearly infusible. 

WolfPSJn (bcb Tnngsten) is blaok, dust dark brown-red or brown-blaok 
with a semi-metallio lurtre j its apecific gravity is 7 to 7 '5 ; and It ia fuaible 
to a magnetia globule with cryetalline earface. 

HEematite (see iron Ores) u black to red in colonr and the dost red. 
It ii practically infiutble, bnt before the t«daciiig Hame becomei magoetic. 

Hl^netite (see Iron Ores) is black, and the dnst is black ; it is mag- 
netic, and fusible with difficnltj. 

Psllomelane (bbs Manganeie Ores) ia black, and the dnst ia black ; with 
borax it givae a violet bead due to manganeae ; or a green maaa with nitra 
and carbonate of aoda. 

M1NBHAL8 IkpDBIBLK or FuSlBLK WITH MORE DIFFIC0LTT 
THAU ObTHOOLABB HOT VolATIlK. 

I. On ekareoal, tn reducxng flame, become magnetic, or are 
magnetic in their natural slate (see Iron Ores). 

2f. B. — Titanic Iron and aome chromitea would be included here ; and 
linoblende aometimea containa enough Iron to become magnetic under the 
above circamatancea, bnt if treats with hydrochloric aeld zjncblende 
evolve* a imell of rotten egga due to aulpharetted hydrogen. 

II. WOK borate a tmall quarUity of the mineral gives a vioUt 
bead ; does not become magnetic as above (see Manganese Ores). 

III. Minerals wkiehdo not an»wer to the above characters. 
(a) Minerals pitch black, hardness over 6. 



(i) Minerals, lead-grey or iron-black, very soft, will mark on 
paper like a penciL 

Holybdenltfl (see Molybdenum) ia lead-grey in acaly and flexible 
laminee. 

Graphite (see Carbon) ; iron blaok, not generally scaly. 



Minerals without Uetallio Xiustre. 

MiNEBALS Soluble in Wateb. 

I. Found in J^etaUio Mines. 

(a) Colour blue ; with soda on charcoal, before the blowpipe, 
yield a bead of copper ; sulphate of copper (see Copper Ores). 
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) Colour green ; with soda on charcoal, before the blowpipe, 

i a magnetic mass j stQpliRte of iron {see Iron Ores). 

(c) Generally colourlesB ; found chiefly in old metallic mines ; 

before blowpipe, on charcoal fuse, and give white incrustation, 

which turns green with nitrate of cobalt ; goslarite (see Zino 

Ores). 

The moat common of the above metallic sulphates, and most likely to 
attract attention, is the salphate of copper, bnt snlphate of iron is also 
common in Bome mines, and goalarite is not infrequently met with. 

II, ^ot generally found in metallic mines. 



MiNBRAte Insoluble in Water, 

I. Bum or volatilise be/ore the blowpipe. 

N.B. — No mineral harder than quartz will ocoar in this group, 
(a) Smell of sulphur in burning. 

Native sulphur, characCeriatic yellow colour, and very brittle. 
Clnnabaf (see Mercury Ores) of a deep red colour, entirely volatile. 
With aoda gives dropa of mercury. 

(fi) Smell of garlic in burning ; due to arsenic. 

Orpiment (aee Arsenic Ores) of a yellow colour, with a resinoua, 
greasy, or nacreous lostre. 

Realgar (tee Arsenic Ores) of a red or orange colour, with n reainons 
or greasy luatre. 

{c) Volatiliea, giving off dense white fumes. 
Oxides of antimony (see Antimony Ores). 

{d) Bum or volatilise without exhibiting the above peculi- 
arities. 
See Carbon Minerals. 

II. Before Uie blowpipe melt more or less easUy. 

The least fusible mineral of thia group is orthoclsee, which fuses only 
when in amall scales or fragments. All those minsrals which in very thin 
scales can only be ronnded on the edges will be considered as infusible, or 
nearly so. 

(a) On charcoal with soda, before the blowpipe, yield a 
metallic bead or powder, noa-magnetic. 

KerapgTPite, &e. (see Silver Ores), yi< 

Atacanute, Malachite, fte. (see Copp 

and colour the Same either blue or green. 
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not in&raietlo. 

HolTDdlte (see Molybdenum Ores) ia uot reduoed to t, bead, bat oau be 
obtained aa a powder by cnubing the fiued nuBS and WMhing. Tha 
mineral ia earthy and yellow id colonr, and the coating become* olue [a 
the reduoiog flame, bnt the colonr ia tranaient. 

(b) On charcoal with soda yield a. magnetic mass, but it is 
Eometimes necessary to reduce a considerable quantity before 
the magnetic properties can be observed. 

Cobalt Bloom (see Cobalt Ores) and seTSFal arsenlates of iron 
and nickel (see iron and Nickel Ores) aSbrd a smell of garlio on charcoal 
before the blowpipe, of wbioh cobalt bloom may be dislioguUbed by the 
bine coloration it imports to the borax bead. 

The^ are several other minerals which do not afford a smell of Rarlio, oa 

Wolfram (see Tungsten) ; aa heavy as tin ore. 
Vlvlanlte (see Iron Ores) ; scratched by the noil and blue in colour. 
Siderlte (see iron Ores) ; scratched by a kaife, buff in colour, and 
powder effervesces with hot acid. 
Ldpldolltfi (aee Mioos) ; scratched by a knife ; colonr, white, violet, or 



EaFtby Hsematite (see Iron Ores] ; scratched by a knife ; gives t, char- 
acteristic red streak and powder. 

RhodOnltO (see Manganese Ores) ; not scratched by a knife ; generaUy 
flesh red, powder rosy white ; with borax gives a violet bead duF tc man- 
ganese, and a green mass with nitre and carbonate of soda. 

QapnetS (see Gem Stones) are generally orystaUised, anH are harder 
than quartz. 

if. B. —There are some other silicatM which oooasionally give a magnstia 
glaas when fused before the blowpipe — t,g., bomblendQ, aUfi^td, and 
some other ferruginous minerals, such as black toarmaliue and epidote. 
Among the foregoing minerals lepldoIltS and rhodonltd will only yield 
a tnagaetic mass in rare oaiea when they contain much iron, so they will 
also appear In another grovp. 

(e) Minerals which yield a coloured powder and on charcoal 
with soda do not yield a metallic bead or magnetic mass. 

UltramaFine or Lapis Lazuli (see Gem Stones) is bine, with a binish- 
white powder, and Qan be scratched by a knife. 

N.B. — A closely allied blue mineral, hauyne, answers to this descrip- 
tion, bat is only fonnd in volcanio rocks, and ia transparent, while lapia 
lazuli is opaque. 

Rhodonite (see Manganese Ores) is not scratehed by a knife, U generally 
fleah-red, and the powder rosy-white, while it exhibits the manganese- 
reactions with borax, ko. 

Garnet (we Oem stones); generally red-brown or blaok in colour ; is not 
scratched by the knife ; gener^y orystalliaed ; and apeoiQc gravity about 4. 

Cassltent« (see Tin Ores) ; red, brown, oranga-yellaw in oolonr, or 
black with a light grey or brown powder ; easily reduoed with cyanide of, 
potasainm on onarcoal to metallic tin. 
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a |MriimB of a duk [Uitaohe 

Jd) Miaerals which field a white powder aad on charcoal with 
a do not yield a metallic bead or magaettc mass. 
Boraelte (aee Qem StoiieB)i>ociirBcr7BtaUiBed in cabes, ftc. , and ia »bont 
.as hard at qnartz. 

ToUPmalltie (see Gem Stones) oconrs ia priBnu. This diviiion iDcludes 
a great number c^ minerals whiah are Bcratched by qnartz, some of which 
are componnda of lime, baryta, atrontia, to., euob as anhydrite, selenite or 
gypsum, barytas, atrontianite, withorite, cryolite, fluor spar, and apatite, 



none of which, with the exception of fluor b^t and apatite, are harder thau 
barytes. It alio inclddes a etill greater immber of Bilicates, which all, 
with few eiceptioni — e.g., lepidoUte and mag^eslte— are harder than 



baiytea, and moat of them harder than floor spar. These two division) 
will be considered separately, under Insoluble saltS and sUicates, and 
they may mostly be recosniBed by their phyeioal characterB md the coloun 
they impart to the blowpipe flame. 

IIL Before the blowpipe, inftisible ; or futible with more dijt- 
cvliy than orlhoelaae, being only rounded on the edges when used 
in very thin tealee. 

(a) Aa hard as quartz or harder than quartz. 

if.S,—All the gems proper are to be inclnded here, except opal, which 
-is scratched by qnartz ; and toarmaline, which, in some varietiea, is fusible. 
Tin ore is sometimes aa hard as quartz, and being fusible, with great diffi- 
culty might be found here. It will be reduced ou charcoal with cyanide of 

.Andaluslte [aee Gem Stones) is usually found in atont aqoare prisms ; 
with nitrate of oobalt on charcoal the powder assumes a blue coloar. 

Disthene of Cyanlte (see Gem atones) also assumes a blue colour with 
nitrate of cobalt, and usnally occurs in fiattened prisms which are white or 
blue in colour. 

Quartz and the other gems do not awnme a blue colour with nitrate 
■ot cobalt. 

(b) Scratched by quartz; powder or streak coloured. 
Siderite (see Iron Ores) ; powder light brown ; eServescea with hydro- 

chlorio acid when warmed. 

Dlallogite (see Manganese Ores); powder reddlah-whlte ; borax bead- 

Limonite or Brown Hsematlte (see Iron Ores) ; powder yellowish- 
brown ; usually kidney shaped, concretionary or stalootitio ; on charooal 
with soda forms a magnetic mass. 

BOff Iron Ore (see Iron Ores) ; powder ochre-yellow ; mineral earthy. 
-On charcoal with soda forms a magnetic maoa. 

Chromlte (see Chromium) ; powder brown ; mineral, black with a 
lustre approaching metallic ; borax beads green. On charcoal with soda 
forms a magnetic mssE. 

Pitchblende {see Uraninm Ores) ; powder olive to brown ; colours 
l>ead of nucrocoamic salt green when oold. On charcoal with soda does 
Aot form a magnetic mass. 
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CflSSiterite {see Tin Ores} ; powder light grey or brown ; ylelda 
oietAllia tin with cyanide of potsminm on ch&rcoal. 

ChlOFlte (see SilicAtea of Magneaik) ; colour of powder greeaish j 
mineral, ereen in *mall loalea. 

^.B.— Highly coloured Herpentine will give a very light atreak or 
powder, much lighter than the deep green or brown of the rock, and it 
will appear practically white compared with the colour of the rock itself. 
Some aerpentinea and the nickel ores of New Caledonia |ailicate of ulckel 
<uid macueaia) will be doubtful in this case, and therefore have also been 
included in the next group of the table. The nickel ore ia apple-green; 
!. 1... ig ooQuderably lighter, but becomea green again when moistened. 



(c) Soratohed by qnartz ; powder or streak wbit« or Tcry pale 



StFOntlaillte (aee Insoluble Salta) eflerreBcea with acid and colaura the 
"blowpipe flame crimson. 

Cttl^t6 (MS Inaoluble Salta) effervesces with acid and colours the blow- 
pipe flame yellowish-red. 

BaFytocalGlte (see Insolable Salta) efferveaces with acid and ooloura 
the blowpipe flame first red and then yellowish- green. 

Dolomite (aee Insoluble Salts) efferveaces with acid only when heated, 
and has a charocteriatic pearly lustre. 

Apatite, Mica, Cassltente, Hutlle, SeFpentlne, and Silicate of 
Mickel donoteOervesoewithaoidand wUIbefoniid under their respective 

Iq illustration of the use of these tables, a crystal of oeruABite 
<or carbonate of lead may be taken, and it will be foimd — 

1. It is a mineral without metallio lustre. 

2. It is insoluble in water. 

3. It does not burn or volatilise. 

4. Before the blowpipe it melts more or less easily. 

5. On charcoal wiUi soda it yields a metallic bead which is 
•not magnetic. 

6. The bead is lead, being malleable and giving a yellow 
coating oa charcoal. The mineral, therefore, belongs to the 
lead ores, and a reference to the chapter devoted to lead will 
easily distinguish oerusBite from other lead minerals, lor it 
efiervesces in powder with hydrochloric acid, especially if 

-warmed. 
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CHAPTER III. 



It is difficult to separ&te these two different claaaeB of minerals, 
as some whicli form extensive rock deposits are commercially 
valuable ; besides which it is inadvisable for purposes of dis- 
crimination to treat them separately. 

Soluble Salts are not of common occurrence, although some, 
like rock salt, occur as beds of great commercial value in sedi- 
mentary formations; while others, as natron or carbonate of 
soda, occur as surface efflorescences in dry countries, such as 
Kgypt, where they have no chance of being dissolved and carried 
away by rain.* The varied uses of rook salt are well known; 
its principal application is in the soda industries, but the con- 
sumption for domestic purposes is alao considerable. 

The moat important potash mineral, carnallite (which is a 
chloride of potassium and magnesium), occurs in the upper beds 
of rock salt at Stassfurt in Germany, and is scarcely known else- 
where; while the most important mineral source of aitre is 
nitratine, or cubic nitre, a nitrate of soda found in Peru and 
Chili, the working of which has during late years formed a most 
important and remunerative industry. In the district of Tara- 
paca, at a height of 3300 feet above the sea, the ground has been 
for about 40 leagues covered with beds of this salt, which were 
at places several feet in thickness, and associated with gypsum, 
common salt, Glauber salt, and the remains of recent shells. 

Sulphate of magnesia or Epsom salt, which is much used in 
medicine, occurs as an efflorescence in mines, especially where 
pyrites has undergone decomposition in presence of maguesian 
rocks. It is also found in caves. 

Another soluble salt of value is borax, which is found crystal- 
lised on the basins of dried-up lakes in Thibet and California; 
in the latter locality, in the Calico distriot, some important 
beds of borate of lime are being worked which are interstratified 
with shales. 

■ A remarkable deposit of trOTia, a carbonate of soda containing le»> 
water than natron, occurs in Adair Bay in the Qulf of California. It is 
found as a cruat from 12 inchei to 25 incliea in tbiokneaa on the anrface 
of a small lake about 50 acres in extent, the waters of which are saturated 
wiUi carbonate of soda ; the lake oacnpies a depreasion in a wide extent 
of sand dunes. The mineral has oryBtalliBed on the surface of the mother 
UguoT like ice on the aurfooe of water. 
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The Boluble metallic salts, such as the sulphates of iron, copper, 
and zinc, are easily known ; they are found in mines where iron 
pyrites, copper pyritefi, or zinobleii<)e have become oxidiBed, and 
frequently occur in solution in the waters of certain mines, 
rendering them quite unfit for domestic purposes. In Southern 
Spain, the river called Bio Tinto has been so named on account 
of the quantity of sulphate of copper held in solution by it. 

It 'wilL be readily understood that waters circulating below the 
sur&ce of the ground dissolve some of these salts, and when they 
reach the surface aa springs frequently contain a greater or less 
quantity of them in solution. These mineral springs are 
classified according to the minerals they hold in solution. 

Kartht Oabbonatk akd Sulphates, with Apatite, 
Flcob Sfab, and Cryolite. 

In this group are included fifteen minerals, only a few of 
which are very common — viz., calotte, gypsum, and magiiealte, 
which are of universal ooourrence ; while some of the others are 
abundant in certain localities. Cryolite is only known from 
Greenland, but being a valuable mineral it cannot be omitted. 

Five non-metallic minerals may be considered as lode-forming 
minerals ; the most important of these — viz., quartz — will be 
subsequently described. The four others are osilalte, bar;tes, 
witherite, and fluor spar; while others — e.g., apatite — occur 
less frequently in reefs. 

Carbonate of lime crystatlises in two distinct systems, and the 
name of caloite or calc-spar is reserved for those crystals 
which, while occurring in a great variety of forma, can all be 
reduced by cleavage to a rhombohedron. Calcite occurs in reefs, 
and sometimes, especially in limestone countries, accompanies 
auriferous quartz, and even carries gold itself, as at Qnndagai 
and Tuena in New South Wales, and Gympie in Queensland. 
It also occurs crystallised iti rents and fissures in limestone. 

Although crystallised calcite occurs in metalliferous veins in 
many countries — e.g., Derbyshire and Oumberland in England, 
and the Hartz in Germany — the largest crystals are found in 
Iceland, where it is very pure and transparent, and is called 
Iceland spar. It exhibits the property of double refraction 
most perfectly, and on that account is used in the construction of 
some optical inetruniente. Probably Iceland can boast the largest 
natural crystals in the world, since specimens of calcite are re- 
corded from there in single rhombohedrons six yards in length. 

The other species of carbonate of lime is called aragonlte 



PB08PI0n50 rOB KllTBRAU. 



BAKTH? CARBONATES AND SULPHATES, WITH APATITE, 
FLUOR 8PAB, AND CEyOUTB. 
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because some of the most perfect cryBtAla have been found in 
Aragon in Spain; it ctyatollises in prisma. Aragonite forms 
many of the stalactites ia limestone oaves, and it ^o ocours in 
radiated kidney-shaped masses in cavities in basalt. When 
recently deposited from lime springs and stratified in beds it 
forms what is known as OE^careouB tufa or travertine, but 
calcite also occurs in similar deposits. 

Before the blowpipe aragonite whitens and falk to pieces, but 
in other respects resembles caloite. The reason for this behaviour 
before the blowpipe is explained by the fact that nnder the 
influence of heat aragonite is changed to oalcite and splits up 
into a number of small rhombohedrons. 

Limestone forms extensive sedimentary deposits in beds of all 
ages, and when subjected to metamorphic action takes a crystal- 
line form, the pure varieties which are white and fine grained, 
and are suitable for statuary purposes, being called Baooharold 
marble. Marbles assume every colour and shade according to 
the substances which are mixed with them ; in the Devonian 
and Carboniferous formations, where fossil corals are plentiful, 
marbles are found which exhibit, on polished sections, the star- 
like forms of the corals of which they are composed. "When a 
marble consiste of broken fragments which have been snb- 
eequently cemented by an infiltration of carbonate of lime it is 
called a breoointed marble. 

Marbles which are pure white or of a characteristic colour 
will always be valuable, but for a deposit to be properly worked 
the means of transit must be easy. The stone must be free 
from quartz veins or fossils transformed into quartz, and be 
easily obtained in blocks or slabs of large size, suitable for 
ornamental work. Marble has to be sawn with toothless stone 
cutters, bnt softer limestones, which hare not been metamor- 
phosed, can easily be cut with a toothed saw ; these softer lime- 
stones are called freestones, and are used for building purposes; y 
they usually occur in the later formations, such as the OoUtio/ 
limestone of Bath, or the Oamaru stone of !New Zealand. \y 

Litb^^phio atone is a very compact and fine-grained nme- 
stone, free from veins and fossils, easily cut into large slabs, 
and of a light colour. A lithographic stone possessing these 
qualities is not obtained in many places, and will always com- 
mand a good price. 

limestones are also of value for smelting purposes or for 
burning for quicklime, and, acoording as they contain certain 
proportions of other materials, may be of value for the manu- 
ftctnre of hydraulic lime or cement. It is not, however, possible 
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for the prospector to determine these properties ia the field, 
and samples should always be submitted to a chemist, and, if 
sufficient inducement offers, to cement manu&cturers. 

The next most important mineral of this group is gypsum, 
which is extensively used for building purposes. It is a hydrous 
sulphate of lime, which loses its water and falls to powder when 
burnt ; this powder, which is perfectly white when free from 
iron, possesses the property of re-absorbing the water lost, and 
in a very short time of assuming again the solid state, ex- 
panding slightly in so doing. It is this last property that 
renders plaster of Paris so valuable for obtaining casts. 

Gypsum occurs in lenticular masses of considerable extent 
in the fresh-water Tertiary formation at and near Paris. The 
large arrow-head shaped crystals whioh are to be seen in all 
collections of minerals are exceptional in these deposits, the 
whole mass being in a compact sugar-like state. Gypsum also 
frequently exists in groups of crystals arranged around a centre, 
and is found in isolated crystals in salt lakes, such as occur in 
South and Western Australia, a small proportion of sulphate of 
lime being present in the water. It is also found crystallised 
in clay beds in New South Wales and elsewhere. The in- 
crustations, which form in boilers on board steamers, are mostly 
composed of sulphate of lime. Gypsum is occasionally found 
in mines where deoomposltion of pyrites has taken place in the 
presence of calc spar or limestone. 

Anhydrite, whioh differs from gypsum by the absence of 
water, occurs in rocks of various ages, especially in limestone 
aud those which contain gypsum, and is also very common in 
beds of rock salt ; gypsum is often found to proceed from the 
decomposition of anhydrite. 

The fibrous structure and silky appearance of some minerals 
has already been explained, and reference made to the occurrence 
of calc spar and gypsum in this state, as well as to their value 
for ornamental purposes. The fine-grained forms of both these 
minerals are sometimes called alabaster, but the term is gener- 
ally applied to gypsum. The two varieties can be readily 
distinguished, as gypsum can be scratched by the nail, while 
calcite cannot. 

Dolomite is carbonate of lime ajtd magnesia, and crystallises 
like calc spar. Dolomitic limestones contain variable proportions 
of magnesia aud lime. Very many limestones are thus, partly 
or wholly, dolomitic, and some of them burn to very good 
hydraulic limes. The dolomitio limestone of Ohio, U.S.A., is of 
special interest as forming the reservoirs in which the petroleum 
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of that field ia stored, it being (irgued by geologists that the 
dolomitbation has resulted in innumerable small cavities being 
left in the limestone, which ia thus enabled to act like a sponge, 

U E^nesite is carbonate of magncBia. It is rarely crystallised, 
occurs in talcoBc schists, serpentine, and other magnesian rocks, 
, and is used for the manufacture of Epsom salt Pure white 
nagnesite has been observed to arise from the spontaneous de- 
compoBition of the heaps of refuse from sJiafts on mines ; pebbles 
are quickly cemented together by it, and timber, old tools, &c., 
encrusted. 

Hydromagnesite, which differs from magnesite by contain- 
ing water, occurs in earthy mosses under similar conditions to 



Barytes and Witherite are respectively sulphate and carbon- 
ate of baryta, and both occur in veins, sometimes with galeoa 
or copper ores, as in Spain. Barytes is sometimes found in veins 
alone, and is mentioned in association with gold at Mitchell's 
Creek, New Sonth Wales. Both barytes and witherite are used 
in the preparation of baryta and its salts, but witherite is far 
the more valuable mineral. It is used in sugar refining, and also 
in the manufacture of plate glass. 

Celeatlne and Strontianlte are sulphate and carbonate of 
strontia, and are used in the preparation of the salts of strontia 
for red fireworks. Cetestine is usually associated with lime- 
stone, gypsum, rook salt, clay, and sulphnr, while strontianite 
is found with galena and barytes in veins. The strong crimson 
colour imparted to the flame oy these two minerals will always 
easily identify them. 

The three minerals yet remaining to be dealt with under this 

§roup are apatite, fluor spar, and cryolite, all of great value for 
ifferent purposes. 
Apatite is a phosphate of lime with calcium chloride or fluor- 
ide, and occurs under the following conditions : — 

1. In metamorphic strata, where it is supposed to have origin- 
ated from animal matter {Dana). It thus occurs in the 
lAurentian rocks of Canada in green crystals of large size, and 
is also found in !Norway under similar conditions. 

2. As on accessory mineral in metalliferous veins, especially 
those of tin, and beautifully crystallised and of various colours 
in many eruptive rocks. 

3. In veins by itself, mostly in limestone, but sometimes in 
granites and schists; e.g., Spain and France. In these deposits 
apatite also occurs as concretions, sometimes showing a radiated 
stracture, but of an earUiy appearance externally. 
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4. In sedimealacy formatioos where a considerable aceumala- 
tion of fosaila has provided the phosphate of lime. In these de- 
posits it ocoare in two principal forms, (a) Ooprolites, whidi 
are excreta of large animals, especially Saurians ; and (6) concre' 
tions formed at the expense of the same coprolites, together with 
shells, bones, &c. The richest of these deposits are from Lower 
Cretaceous to Lower Jurassic in age, but phospbatio deposits are ' 
found and worked in sedimentary deposits of all ages. 

Phosphate of lime is very valuable aa a manure, and the 
deposits included under Groups 1, 3, and 4 are worked for thia 
purpose. 

Fluor Spar is a lode-forming mineral, sometimes alone, but 
also associated with other minerals, especially tin ore and 
galena. In the lead mines of Derbyshire and Cumberland, 
which are in limestone, it is found in beautiful crystals of con* 
spicuoua colonrs, and, when obtained in blocks of sufficient size, 
is worked into vases and other ornaments. In Derbyshire the 
blue and purple varieties are known to the miners aa "blue John." 

The presence of fluor spar in metalliferous veins is a great 
advant^e, aa it ia a valuable flux for smelting, and when found 
in veins by itself it is mined for the same purpose. In addition 
to its value as a flux it is also used for preparing hydrofluorio 
acid for etching glass. 

Cryolite also contains fluorine, but combined with aluminium 
and sodium. It forms very fusible compounds, and is used as a 
flux; but its principal application is for the manufacture of 
aluminate of soda, and as a source of the metal aluminium. It 
is also used in America for the manufacture of a white glass 
which imitates porcelain. 

The two hardest of these minerals are apatite and fluor spar, 
and the heaviest are tho^e containing baryta and strontia. All 
minerals of thia group will answer to one of the following tests: — 

1 . Eflerveace with acids either hot or cold ; Carbonates. 

2. Yield a stain on ailver when fused with carbonate of soda. 
and moistened with water ; Sulphates. 

3. Etch glass when treated with sulphuric acid in a platinum 
or lead dish; Fluorides. 

4. Colour blowpipe-flame dirty green when moistened with 
sulphuric acid, and with magnesium wire in a closed tube evolve- 
the disagreeable smell of phosphu retted hydrogen; Phosphates. 

A reference to the characteristics in the table will serve 
readily to distinguish one from the other by the blowpipe tests 
already given. 
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Quartz is the moat commoa substance with which the pro- 
spector has to deal, aad it is therefore aecessarj to explain its 
characters. It is, ohemicallj, silica or silicic acid, a' compound 
of silicon and ox7geu; and it may be remarked that silicon 
does not exist in nature, except in ooDtbinatioii with oxygen, 
forming quartz and silicates. 

In the Dlast furnace silica is not fused, but Is reduced in very 
small quantities to silicon ; whilst fusible silioates or slags are 
also formed. It is only by combination with oxides, such as 
lime, alkalies, metallic oxides, &c., that silica forms fusible sub- 
stances in the blast furnace or before the blowpipe, and these 
fosible substances ore termed Silioatea. 

The highest temperature which can be produced artificially is 
obtained by th.e combustion of hydrogen in oxygen, and this 
osybydrogen flame is employed to fuse both platinum and 
quartz, which are only fusible uader the same conilitions. Gold 
or silver at such a temperature fuse immediately and volatilue, 
forming a dense vapour. 

The Stanhope pocket microscope, which Is only about an inch 
in length, is made with a drop of fused quartz with one face cut ; 
fused quartz has a specific gravity of 2*2 only. The specific 
gravity of the quartz iu reefs, as well as that which occurs in 
granite and some of the acidic volcanic rocks, such as rhyolite, 
ranges from 2'5 to 2*8, pure quartz giving 2*65. The only 
natural form of silica known which has as low a specific gravity 
as 2*2 is a mineral called trldymite, which occurs in some of 
the highly silicated rolcanic rocks, such as rhyolite and trachyte, 
and crystallises in small hexagonal tables, often occurring in 
groups of three crystals. Its chemical composition is the same 
as quartz. 

These observations are of interest, because they show that, 
notwithstanding the views still held by many practical men, the 
quartz which forms our reefs and occurs in granite and other 
eruptive rocks has never been in a state of fusion. 

Quartz can be produced artificially ia microscopic crystals by 
the aid of superheated water ; while the geysers sufficiently 
illustrate the solubility of silica in hot water chained with 
carbonic acid and its deposition therefrom. Quartz is always 
cryatalline, for even in quartz reefs, where the mineral is com- 
pact, it is confusedly crystalline ; while f int and the chalcedonies 
are minutely crystalline when seen under the microscope, but 
probably contain some amorphous opaline matter. Agates, which 
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are the only varieties of quartz of anj value, consist of layers 
which are altematelycrystalline quartz and variegated chalcedony. 

In opal water is generally present, although Dana calls it 
unessential, and in the siliceouB deposits from geysers the silica 
is still combined with water and the specific gravity is lower, 
ranging between 1*9 and 2*3. 

Common opals are of frequent occurrence in eruptive rocks 
and in veins at the contact of serpentine with other beds. Even 
in sedimentary formations where siliceous concretions of flint are 
common, hydrous silica is also found, and is then opaque and 
resemblea flint in appearance. The opal which is of value for 
ornamental purposes, and is sometimes called noble opal, will be 
dealt with under the head of gems. A substance of some value 
for industrial purposes, called infusorial earth or tripoli, ia 
also hydrous silica. It is composed of microscopic organisms 
called diatoms, and is used in the preparation of dynamite and 
also in making soluble glass. 

Silicates of Magnesia and their CBrBTAi.i;.ooBAFHic Allies. 

It is necessary to divide the silioateB into groups according to 
their chemical composition. Those first dealt with are ail sili- 
cates of magnesia, and all are hydrous. When sufficiently pure, 
meerschaum, talc, and steatite will give before the blowpipe, 
when moistened with a solution of nitrate of cobalt, a pink mass 
which is characteristic of magnesia. 

The first three minerals in the table are sufficiently soft to be 
scratched by the nail j but serpentine is harder, approximating 
in hardness to calcite. 

None of those minerals, when pure, effervesce with acid ; but 
if they contain an admixture of carbonate of lime, which is some- 
times the case with serpentine and meerschaum, effervescence 
can be observed. 

As regards fusibility, they are very refractory, being only 
fused with difficulty in small fragments and on thin edges. 

Ueerflohaum, when pure, is very Ught; and, when dry, will 
float on water. It will be recognised by its property, when dry, 
of adhering to the tongue, and by its smooth, compact texture. 
It is generally found in serpentine, in which rock it occurs in 
nodular masses ; but is also fbnnd in limestones of tertiary age. 
It is a useful substance when found in quantity, and of a snowy- 
white colour, being used, as everyone knows, for the manufac- 
ture of pipes. 

Talo, Steatite, and Boapstone are, mineralogicalty speaking, 
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the Bftme mineral, of varying degrees of purity and in different 
modes of aggregation. 

Talc 18 the pure crystallised mineral, occurring in transparent 
lamince, which can he bent, but are not elastic like mica. The 
colour of tolo is often a light green or pearly-white, its lustre is 
nacreous or greasy, &nd it is characteristically soft and soapy to 
the touch. Steatite or soapstoae is a massive variety of talc, 
and, when sufficiently homogeneous and free from cracks, it can 
be sawn into blocks and used as firebricks. Crushed and puri- 
fied by washing, it is formed into cakes of difierent colours, and 
is used by tailors for marking cloth. Talc and its varietiea 
occur associated with serpentine, magnesian limestone, and 
especially with talc and ohloritia schists. 

Serpentine is found in. extensive masses, sometimes forming 
high mountain ranges ; it also occurs in veins and beds, and is 
consequently to be considered as a rock of some importance. Its 
occurrence and distribution are, moreover, of interest, on account 
of the valuable mineral deposits — ».g., gold, platinum, copper, 
nickel, and chrome-iron — frequently associated with it, and it is 
also the principal repository of meerschaum and soap stone. 

Chlorites and MioM are remarkable as occurring generally 
in thin laminse easily separated one from the other, and trans- 
parent. They are all softer than calo spar, and are not easily 
fusible. These characters alone would not be sutfioient to dis- 
tinguish them from talc, but the greasy feel of talc will serve to 
distinguish it easily enough in most coses ; besides which, talo 
is generally light green, while the most common variety of chlo- 
rite, which occurs in small grains or scales, is of a deep green 
colour. The micas are nsualfy white or black; their plates aro 
elastic, while those of talc are not. 

Chlorites are hydrous silicates of magnesia, alumina, and iron, 
and there are varieties in which the proportions of these basis 
are different. In some, magnesia predominates, such as the 
variety called pennine ; while in the variety called ripidolite^ 
or simply oblorite, alumina is in the larger proportion, and iron. 
in greater quantity than magnesia. They all fuse with difficulty 
before the blowpipe to a grey or black slag, and when iron i» 
present in sufficient quantity this slag is magnetic. Pennine 
occurs in serpentine, often associated with other minerals ; ripi- 
dolite is the most common variety in chlorite schists, talcose 
schists, and amphibolites, being often associated with garnet, &c. 

Rocks and minerals of a dark colour, usually green, are fre- 
quently associated with metalliferous deposits, especially those 
of copper and more rarely gold ; and chlorite is frequently met 
with in metalliferous districts, not only in the dark or basic 
rocks, but also with tin in light or acidic rocks, such as granite. 
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Mioas, eBpecUllf when found in large plates, are both flex- 
ible and elastic, and this property renders mica very valuable 
whea it is white and can be obtained in large sheets. It ia some- 
times used instead of window-glass on board ship, for stoves, 
and for chimDeya for lamps. Biotite, or black mica, contains 
more magnesia than alumina, and is sometimes called magnesian 
mica; it is oftenpresent in eruptive rocks, especially some granites, 
Muaoovite, or white mica, on the contrary, contains more 
alumina than msgnesia, and as it also contains potash in small 
but appreciable quantities it is sometimes called potash mica. 

In the Trans. Inat. o/Min. and Met., 181)8-9, Mr. A. M. Smith 
classifies the mica mined in India aa : — (1) Ruby mica, hard and 
tough; (2) white transparent mica; (3) discoloured and smoked; 
and (4) black mica and flawed. The prices for beat ruby are, 
for sheets : — 

No. Sq. Id. Per lb. No. Sq. ia. Perlb. 

a) 36 to 50 . 6/8 I (4) 10 to 16 . 1/- 
(8) 24 to 30 . 4/' (5) to 10 . /4 

(3) 16 to 24 . 2/- I (6) 4 to 6 . /2 

Special sheets of over 50 sq. ins. bring as much as £1 per lb., 
according to size of sheets. The white mica is worth about one- 
half, discoloared one-quarter, and flawed oue-eighth the price 
of ruby. 

Muscovite is an important mineral to the tin miner, since it is 
always found in stanniferous granite, and with quartz it forms 
greisen, which ia very generally associated with tin. Granite 
with large sheets of mica is sometimes called pegmatite. Mus- 
covite also forms an essential part of other light coloured acidic 
rocks, such as gneiss and mica schist, and is sometimes found as 
an accessory in granular limestone and some volcanic rocks, such 
as trachyte and basalt, but only as an accessory mineral. The 
small scales in sedimentary rocks are probably of granitic origin. 

Iiepidolite, or lithia mica, is a variety of muscovite containing 
practically no magnesia, and characterised by the presence of 
lithia, an alkali which is of value on account of its medicinal 
properties. Lithia mica will be readily recognised before the 
blowpipe, as it imparts a beautiful crimson colour to the flame, 
especially if powdered and mixed with a little fluor spar. It 
generally occurs in scaly granular masses in granite and gneiss, 
and is sometimes associated with limestone and tonrmaline. It 
is very abundant in Bohemia; but the moat plentiful supply of 
lithia is derived from a mineral spring in Oomwall; and it is 
probable that the lithia in this water is derived from the tin 
granites of the country. Lithia mica is associated with tin 
granites in Bohemia, Sa:cony, and France. 
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There are several magnesian minerals which have received 
differeat names, bat are really only varieties of serpentine ; 
they are generally coloured green by the presence of a little 
iron or sometimes nickel. They generally occur in serpentine 
formations, and the deep green varieties are often associated 
with the silicated nickel ores. 



The minerals of this group are of great importance in forming- 
rocks, especially the eruptive; but topaz, tourmaline, olivine, 
epidote, and garnet, which less often play an essential part ia 
the constitution of rocks, are included with the gems. 

All minerals included in this group are anhydrous silicates^ 
and may be subdivided as follows : — 

1. Felspars, including orthoclase,albite,oligoclase,labradorite, 
and anorthite, which are silicates of alumina and other oxides. 

2. Hornblendes, including tremolite, actinolite, and horn- 
blende, which are silicates of magnesia, lime, and other oxides. 

3. Augltes, including diopside, diallage, hedenbergite, and 
augite, which are of similar composition to the hornblendes, with 
different proportions, however, of the component substances. 

4. Enstatite, bronsite and hTpersthene ; the first is a sili- 
cate of magnesia; the last two are silicates of magnesia and iron. 

For the composition of the eruptive rocks, see the table on p. 9^ 
OrthooloSd. — If a piece of granite be taken and a variety 
composed of Urge crystals chosen, it will be found that, besides 
the scales of black or white mica, grains of quartz will be easily 
recognised by their transparency, irregular shape, and hardness ; 
whilst the rest of the rock will be found to consist of a white, 
greyish, or pink mineral, scarcely transparent, and breaking 
easily in two directions, on one of the faces of which the mineral, 
exhibits a nacreous lustre. If the facets produced by the frac- 
ture are large enough it will be seen that the two are at right 
angles to one another. This mineral is orthoalase, the most 
common and moat important of all the felspars. It is also- 
called potash felspar, and it is this mineral principally which, 
by its decomposition, forms deposits of kaolin or clay, the potash 
being dissolved. In some lavas it is stated to form an amorphous, 
paste, whilst some well-formed crystals of orthoclaae can also be 
detected ; and it is also one of the component minerals of gneiss 
and many crystalline schists. These are all rocks, in the forma- 
tion of which water, at a considerable temperature and under- 
pressure, has taken a prominent part. 
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If, on the other hand, & specimea of trachyte be taken in 
whitih large crystals are developed, it will be found that crjstals 
occur, which like orthoclaae in granite, have two cleavi^eB at 
right angles to one another, but a casual examination of these 
or^ratals will further show that they are transparent and vitreous. 
This constitutes another variety of orthoclase, known as sanl- 
^ne. It characterises rocks, such aa trachyte in the formation 
of ^hich heat has played an important part, which have, in fact^ 
come to the surface in a state of fusion. Not only is the ortho- 
-clase in these rocks different in physical aspect from that of 
granite, but, as already pointed out, the <]uart^ is sometimes 
replaced by tridymite, the specific gravity of which — viz., 22 — 
is that of fused quartz. 

Orthoclase, as wall as the other felspars, is fusible before the 
blowpipe ; so that a light-coloured granular or compact rock 
which is fusible in small iragmentB is most probably composed 
of felspar, and generally orthoclase. Some of the fusible rocks 
are granular or compact, but still of eruptive origin — e.g., euriU; 
some are vitreous and compact — e.g., obsidian — a black rock 
which is also called volcanic glass ; and some are vitreous and 
porous — e.g., pumiee — in which the porous state has been pro- 
duced by steam evolved in the interior of the molten mass. 
These are all of volcanic origin, but there are also rocks com- 
posed of very minute, even microscopic, grains of felspar which 
are truly sedimentary rocks, and are termed euritinea. Orcho- 
olase is used in the manufacture of porcelain and enamels. 

Albite is a felspar, resembling orthoclase, in which soda re- 
places the potash. It is generally white, and occurs in some 
]>articular varieties of granite porphyry, diorite, gneiss, crystal- 
line schists, &o. It is a rare mineral compared with orthoclase 
as a constituent of rocks, but some granites contain it as an 
accessory mineral ; and it is also found forming veins in ordinary 
granite, being frequently the matrix in which the rarer associ- 
ated minerals, such as beryl, tourmaline, &a., are imbedded. 

Oligoolasd is like albite, but contains a little lime. It 
generally occurs in laminar masses or crystals in the same rocks 
in which albite is fbund ; its colour is generally white, greyish, 
^eenish, or green. This mineral possesses an easier cleavage 
than the other felspars, and characteristic parallel stria can be 
seen on the cleavage planes. The varieties of felspar which are 
used as ornamental stones, and are called sunstone and moon- 
fltnne, are pure orthoclase or oligoclase with enclosed flecks of 
reflecting material. 

lAbradorite, like oligoclase, is rarely found in crystals, but 
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in deftvable laminftr masses, the cleavage faces being striated. 
It ia grey, white, yellow, ifcc., and on certain faces often exhibits 
a remarkable play of colours, such as blue, yellow, green, red, 
fiery, or aemi-metallic. In this felspar lime is an important 
constituent, and there ia also a smolL proportion of soda. It 
is more easily fasible than the other felspars, except oligoclase, 
and is in great part solnble in acids. It constitutes an impor- 
tant element in the basalts, but often occurs in such small 
crystals that it can scarcely be seen with the naked eye. An 
iridescent variety is found on the coaat of Labrador in large 
masaes, and forma a. yaloable ornamental stone. 

Anorthite ia a rarer species of felspar. It occurs in small 
white or colourless crysUJs resembling albite in shape, ia almost 
entirely a lime felspar, and is easily fusible, although not so 
easily as labradorite ; it is also attacked by hydrochloric acid. It 
occurs in granite, gabbro, serpentine, and many volcanic rocks. 

Tlie hornblende group includes three principal varieties in 
which the colour varies in proportion to the increasing per- 
centage of iron present. Tremolite, containing little or no 
iron, ia white; aotinolite, containing a few units per cent, of 
iron, is green ; and homblende, containing mnch iron, ia black. 
They are in consequence sometimes called white, green, and 
black hornblende. They are all fusible with ebullition before 
the blowpipe, the first forming a white, the second a grey, and 
the last a black bead. 

The most common form in eruptive and metamorphic rocks is 
hornblende, the black variety, which occurs as a constituent of 
fiyenite, diorite, hornblende -andesite, hornblende- schist, itc., 
;generally in the form of flattened prisms. It ia also associated 
"With angite in some modern volcanic rocks. 

Aotinolite occurs mostly in hornblende-schists, where it is 
-frequently in the form of slender needle-shaped or flat prisms. 
These hornblende-bearing rocks, it may be remarked, are often 
connected with metalUferoos deposits. 

Tremolite is of mnch less importance as an element of rocks, 
but is interesting in other respects. It is more rarely found in 
well formed crystals than the two other varieties, but is often 
in baccillary or radiated fibrous masses, forming the well-known 
.-substance called asbeBtos when pure and in long flexible fila- 
ments, and mountain leather, ic, when of inferior quality. 
In the compact state, when its crystalline structure can hardly 
be detected, tremolite forms a very tough and valuable sub- 
stance known as jade or nephrite, which varies in colour 
from white te green, and is found in Obina, Mexico, and New 
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Zealand. The Chinese images are well known ; the hard ones 
are made from jade, and those which are soft from other min- 
erals cloaely allied to steatite. The Mexican and New Zealand 
jades are well represented ia most collections by stone axes, 
arrow heads, izo. 

It may be added, to avoid confusion, that one of the minerals 
used by the Chinese, and known ss jatU, is not compact tremolite, 
but a compact variety of white epidote called xoisite. 

The angite miaerala form a nearly parallel group to those 
of which hornblende is a type, and differ from them principally 
in the angles of the crystals. The varieties of the augite group 
are as follows : — 

Dlopaide is a transparent, colourless, or light green mineral 
which occurs in serpentine and granular limestone, but is com- 
paratively rare. It is not a rock-forming mineral, but occurs in 
veins, and is a silicate of lime and magnesia, with, occasionally, 
traces of oxide of iron. In the blowpipe flame it ia fusible to a 
white or greyish glass. 

DiallagG, which is of greater impoi'tance as a rock-forming 
mineral, is a variety of augite. It occurs as an element of some 
varieties of serpentine, and in the important rock called gabbrc^ 
which often accompanies serpentine. It contains more iron than 
diopside, besides a little alumina, and is easily fusible before the 
blowpipe to a grey or green bead. It is found in laminar masses, 
and has generally a nacreous ox semi-metallic lustre on the prin- 
cipal cleavage face, and in colour is grey, green, or brown. 

Hedenbergite is a black lamellar variety of augite containing 
much iron, manganese, and zinc, besides lime, and is fusible to a 
black magnetic bead It is found in some cavities and veins in 
the older formations, and has no importance as a component 
mineral of rocks. 

Augite is the best known, and most important mineral of this 
group. It occurs generally in well-formed black crystals, some- 
times difficult to distinguish from hornblende, but in the prisni 
of augite the angles of the primitive faces are about 87° and 93°, 
thus approaching a rectangular prism, whilst in hornblende they 
are about 124° and 56°, the section of the hornblende prism thus 
forming a more oblique rhomboidal figure than augite. In 
jufSciently large crystals these angles can also be obtained by 
cleavage, as the easy cleavages in both groups are parallel to the 
feces of the prisms. Another character by which crystals of 
augite may sometimes be distinguished from hornblende is the 
brilliant lustre of augite compared with the dull lustre of 
hornblende. 
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Augite contains lime, magnesia, iron, &o., and ia fudble to & 
black glass, which is often mogaetio. It is common in the vol- 
canic lavas, where it ma; be seen ia the samd specimen as a con- 
stituent of the paste in mioroscopio grains, and in well-formed 
crystals. 

Enatatlte is very closely related to augite, having nearly the 
same crystalline form, but belongs to the rhombic system. It ia 
a silicate of magnesia, and, except for its associations, would be 
more properly included in the preceding group. It is practically 
infusible or fusible with difficulty on the edges of very Hmall 
scales. It occurs in some andesites and serpentines, and in the 
rock called Iherzolite. 

Bronxite is a variety of enstatite, and is isomorpbous with it. 
It occurs in some serpentines, where it has a lamellar structure, 
and exhibits a nacreous semi-metallic lustre on the face of easy 
cleavage. Its colour is brown, pale bronw, or greenish-yellow, 
and it fuses with very great difficulty, like enstatite. 

Hypersthene is also isomorpbous with enstatite, but contains 
as much oxide of iron as magnesia. It is a dark laminar mineral, 
characterised by a reddish-brown colour, with a capreons lustre 
on the cleavage planes. It is fusible to a black magaetic bead, 
and helps to form the eruptive rock called hypersthenite. 

Wollastonlte ia a silicate of lime, and is a white mineral, 
rarely crystallised, possesaing a nacreous lustre, and occurring 
ordinarily in lamellar or bacillar masses in granular limestone, 
grtuiite, or basalt. In some cases it is associated with silver and 
copper ores, and frequently with garnet. It is fusible with 
difficulty beifore the blowpipe. 

Htdbous Silicates of Lihx and Alumina with tqiib Allies- 

The Zeolites form a highly interesting group of beautifully 
crystallised minerals, occurring, in the majority of casea, in 
cavities or fissures in volcanic rocks, but as they are of no 
economic importance and are seldom found in mineral veins, 
much apace will not be devoted to their description. 

Zeolites are bydroua silioates of alumina with other oxides, 
usually alkalies, and their specific gravity ranges from 21 to 2-9. 
The softest is scratched by fluor spar, and scratches calcite ; the 
hardest is prehnite, with a hardness between orthoclase and 
quartz. They are usually colourless or white, or of a very pale 
pink grey or green, as they contain little or no iron. Even in 
the darkest of all, a brick-red variety of bealandite, the colour 
is attributed not to iron, ^iit^ a^ mixtoCft^of another mineraL 
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Frelmite, which is uaually pale green, ooatoina a, smEtU percentage 
of protoxide of iron. All zeolites melt and swell up when heated 
before the blowpipe. 

HYDROUS SILICATES OP LIME AND ALUMINA WITH THEIR ALLIES. 
{ZeoliUt—OryitaliUed Mineralt (if Secondary Origin.) 
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Some zeolites are fotind in gneiss — e.g., heulandite, laumonite 
bBTEBotome or cross stone, and prehiiite, Harmotome and 
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betlliuidite have been found in tlie silver mines of Andreasberg; 
analoime in the amygdaloida at the copper mines of Lake 
Superior ; and prehnite ocoura, not only in the above copper 
mines, but also, in New South Wales, with orthodase and copper 
ores at Beedy Greek, County Mnrchison. ,PreImit6 is certainly, 
of all the zeolites, the most interesting in consequence of its 
associations. It is further mentioned as occurring in crystalline 
rocks and especially in diorite and other hornblende rooks, from 
the decomposition of which mineral it ia probably derived. 

Basalts and lavas containing abundance of zeolites may some- 
times be utilised in the arts when, in consequence of the quantity 
of alkalies present, they are so fusible that they may be easily 
melted and cast into different forms. 

Chabazlte is the most common of the zeolites found in basalts. 



Basaltic lavas, especially when they are in the state of sand a 
contain a sufficient proportion of alkalies, are used as puzzuolana 
in the manufacture of cement. 

NON-CBTBTALLIirB SILICATES OF ALUUINA. 

Cl^B. — The clays are all prodacta of alteration lirom other 
minerals, their composition is variable, and they do not crystallise. 
The true clays are all plastic and refractory to a greater or less 
degree, and on these properties their value for industrial purposes 
depend. Pure kaolin is the type of all the clays. 

Suoh hard earthy minerals as allophane and halloysite may be 
termed, by analogy, hard clays, since their composition is gener- 
ally similar to some of the soft plastic clays ; but they have not 
yet been used for msnu&cturing purposes. They are not plastic, 
ont are derived, in some cases at least, from the decomposition 
of fetspathic rocks, and are often found in mineral deposits. 

The presence of alkalies in clay is objectionable, as it renders 
them fusible, as also do many other oxides. Iron is not only 
objectionable on the score of fusibility, but also as a colouring 
matter. The presence of too large a proportion of water, car- 
bonic acid, or organic matter causes clay to contract under the 
action of fire, and the same result will ensue if the clay is par- 
tially fusible. Contraction may also arise from the mechanical 
arrangement of the particles, and of two clays having the same 
chemical composition, both of which contain a certain percentage 
of free silica, the finer one will contract more than the coarser, 
in which the particles are preserved from that close contact 
which is necessary for their ready combination and fusion. 

The soft clays are divided into kaolin or poroelain olay, 
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which is nearly pure, and is deriyed from the decomposition of 
felspar in pegmatite or granite ; plaatio or pottery Olay, not so 
pure oe kaolin ; and bole, containing a great percentage of oxide 
of iron. Fnller'a earth is a kind of clay uaed for freeing wool 
from &tty matters. It is not easily mode into a paste with 
water, and its application is therefore limited to the above pur- 
pose, for which it is of great value. 



OHAPTEB IV. 

PBK0I0U8 STONES AND OEMS. 

Thb minerals which are used for ornamental purposes are mostly 
of considerable hardness, and capable of receiving a high polish. 
They yary greatly in their chemical composition, but are best 
divided by their hardneaB into two groups, viz., those which 
are harder than quartz, and those which are not harder than 

Hakdib than Qoartz. 

Diamond is pare carbon. Its hardnesi, specific gravity, and 
peculiar lustre, due to its high refractive power, have been 
already referred to. It will be readily recognised by the pro- 
spector who has onoe seen it in the rough, if nimple tests are 
applied, for diamond will scratch sapphire. The gem prospector 
should always carry with him some pieces of sapphire, topaz, 
and rock crystal, as well as a diamond. 

In ite natural repositoriee, diamond is not always readily 
recognised by its brilliancy, and it is often encrusted with a 
black coating, or cemented with ironstone ; but its greater 
weight will cauae it to settle to the bottom of a tin dish or 
sieve when washed with other non-metallic minerals of the 
same size ; and^ if the dish or sieve be turned over suddenly, 
the diamonds will remain on the top of the heap, which should 
be carefully picked over. 

Dana says {Sy»tem of Mineralogy, 5th edition) — "The diamond 
appears generally to occur in regions that afford a laminated 
granular quartz rock called itaeotvmiie, which pertains to the 
talcose series, and which in thin slabs is more or less flexible. 
This rock is found at the mines of Brazil and the TTrala, and also 
in Georgia and North Carolina, where a few diamonds bava been 
found. It has also been detected in a species of conglomerate 
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composed of rounded siliceous pebbles of quartz, chaloedon;, &c, 
cemented by a kind of ferruginoos clay," 

In some of the scbiatose rocks of Brazil, above alluded to, it 
is admitted that the diamond exists in siia, or in the rock in 
which it was formed; and M. Gorceix states that these rocks 
are traversed bj veins of quartz with rutile, tetrahedrite, oli- 
giste, and martite, the two last being varieties of htematlte. 

In the Kimberley district, 8. Africa, the parent rock of the 
diamond is a kind of serpentine, which forms huge dykes or necks 
of igneous rock which have come to the surface, but have not 
apparently overflowed the lip of the vent or crater, and, accord- 
ing to Mr. Dunn, a geologist at the Cape who baa devoted much 
time to the study of the diamond and gold deposits of this part 
of the world, these so-called "pans" are local depressions in the 
flate, and are sometimes as much as three miles in length. He 
also states that when the eruptive rock has been removed the 
walls of the cavity exhibit horizontal beds of shale, their edges 
being turned up along the line of contact with the eruptive 
rocks. The upper bods are, in some instances, formed of grey, 
pink, or yellow shales with fossil remains (Saurians) ; the lower 
beds, from 60 to 150 feet thick, consist of black carbonaceous 
shales. So combustible are these shales, that when accidentally 
igaited they have been known to bum for over eighteen months. 
In this serpentine diamonds are generally found crystallised in 
octahedra and some of the allied forms. 

In Borneo diamonds are said to occur in a matrix of serpentine, 
and In New South Wales and at Beechworth, in Victoria, good 
diamonds, although small, are found in alluvial deposits in great 
numbers. Some of these deposits have of late years received a 
good deal of attention, and may eventually prove of considerable 
value. Diamonds have also been worked in alluvial deposits on 
the Yaal Kiver in South Africa, at Golconda in India, and other 
places; indeed, with the exceptionof the mines of the Kimberley 
district, in which the stones occur in sitli in serpentine, all the 
important diamond fields of the world have been t^luvial deposits. 

The occurrence of diamonds of different colours affords a 
remarkable illustration of what has been said about the colours 
of minerals. As pure carbon, diamond is colourless, as also are 
the microaco[)ic diamonds artificially produced by an electric 
current; but in nature the stones are of different colours, wjiich 
are imparted to them by a very small proportion of foreign 
matter. 

The yellow and grey tints decrease the value of the diamond; 
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bnt red, blue, and green varieties, on the contrary, are ao rare, 
that when diamondB are ao coloured their volae is conBiderably 
greater than if perfectly colourless. For inatacoe, the best blue 
diamond known (44 carats) is estimated at double the calculated 
value of a good colourless diamond of the same size, viz., 
£30,000. 

In Borneo a kind of black diamond ia found which is very 
highly prized in consequence of its exceptional lustre and rarity; 
it is even harder than the ordinary diamond. 

In Brazil another variety of black diamond, called "bort," 
which is rough and without lustre, and somewhat resembles the 
deposit of gas retorts in appearance, is found in quantity, and ia 
used for diamond drills. It sometimea occurs in masses as much 
as 8 oza. in weight, and is as hard as the ordinary diamond. 

Octahedrite, a mineral occasionally found with diamond, is 
mentioned under rutile, and is sometimes so splendent as to be 
mistaken for diamond itself. Diamond should also be compared 
with white zircon, the lustre of which is also adamantine. 

Xhe diamond always occurs as a constitnent of rocks or in 
alluvial deposits and never in lodes. It is principally valued 
on account of its hardness and high refractive power, being the 
most valuable ornamental stone. It ia also largely used in rock 
boring drills ; and diamond dust is of importance for polishing 
purposes. 

CoTUodum (sapphire, ruby, &c.). — A. number of hard atones 
of various colours and known by different names belong to this 
mineral species ; they are all essentially composed of alumina. 
The most common of these gems is blue eorundtim or sapphire, 
which is very frequently found associated with alluvial gold in 
Australia. 

Green varieties, called Oriental emeralds, also occur with 
sapphires, sometimes in considersble numbers, but seldom of a 
good colour, the moat common tint beii^g that of water worn 
bottle glass which may be so often seen on the sea shore. 
When pure, and of an emerald colour, they are of a great value, 
both on account of their hardness and rarity. 

Yellow corundum is called Oriental iopax, and, being harder 
than topaz itself while of the same colour, has a greater value. 
The violet variety is called Oriental amethyst and is not 



Bed corundum or rviii/ is next to diamond in value; indeed, 
a ruby of 3i carats when perfect is even more valuable than a 
diamond of the same size. A ruby of 4 to 6 carats in weight ia 
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a great rarity and ia worth forty or fifty times as mach as the 
best sapphire of the same weight. 

Black corundum ia often met with ; like emery (which is only 
an impure variety containing more iron), it ia useful for cntting 
and polishing stones of less hardness than itself. Emery, which 
is largely used for polishing purposes and for the manufacture 
of emery wheels (now ao largely used in machinery works), is 
the coarsest and commonest variety of corundum ; it contains 
from 10 to 60 per cent, of magnetite and its abrasive power 
is about half that of sapphire. Most of the emery of commerce 
comes from K'axos or Asia Minor, It is found in Asia Minor 
near the Bur&ce like a bed of conglomerate resting upon lime- 
stone, and it is roughly hand picked on the mines. It is mined- 
by blasting, the bore holes being made in the joints of the rock 
whioh are frequently filled with oaloite ; sometimes also it is 
worked by firesetting, althongh this is said to deteriorate the 
quality. 

The fine varieties of corundum have been chiefly obtained 
from alluvial deposits ; they have rarely been traced to their 
parent rock and have never yet been found in a matrix 
from which it would pay to extract them, as is the case with 
the diamond in the Eimberley district and the emerald in £eru. 
In parts of New South Wales, corundum is said to Occur &i 
basalt with olivine; in alluvial deposits it ia found with other 
hard stones and with tin, gold, ho. 

The hardness of this mineral, which is next to diamond, should 
make it easy always to distinguish ; so far as the sapphire is con- 
cerned the colour is quite distinctive. Numerous mistakes, 
however, have been made about the ruby, and it is no uncommon 
thing for zircon and garnet to be mistaken for it, notwithstand- 
ing the easy means of discrimination afforded by the respective 
hardness of the difierent minerals. 

Dana says (System of Mineralogy, 6th edition) — "Corundum is 
associated with cryatalline rocka, as granular limestone, or dolo- 
mite, gneiss, granite, mica alate, chlorite slate." A species of 
felspar with obliqne cleavages, called anorthite or indianite, ia 
said to be the gangue of corundum in the Carnatic, India, with 
garnet, oyanite, and hornblende. At Barsowski in Russia a 
granular variety of anorthite is said to occur in the auriferons 
sand as the gangue of tdie sapphire. 

ChiTBoberyl comes next in hardness to corundum. It ia 
not transparent, but translucent, and exhibits a play of colours 
in different shades of green, like a cat's-eye ; sometimes a bluish 
opalescence is to be seen internally. 
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In alluvial deposits it occors as rolled pebbles, and in tlie 
Ural mountains is found in sUil, in peculiar star-like groups of 
crystals, in mica slate associated with beryl and phenakiw. It 
is composed of alumina and glucina. 

Spinel is an alumiuate of magnesia, and iucludes several 
varieties, of which the red variety, spinel niby, ia generally 
meant when spinel ia spoken of as a gem. A variety, which 
contains a fiur proportion of iron and is sometimes called black 
spinel, is referred to under the name of pleonaste as a stone 
often found with alluvial tin. 

Spinel rubiee generally have a dull bluish tinge, which places 
them &r below the true ruby ia point of value ; they can readily 
be distinguished by their lesser hardness even when in colour 
they rival the more valuable gem. 

Green and blue varieties of spinel also occur. The blut 
variety is very inferior to the sapphire, even when of very good 
colour ; and green spinel is more a curiosity than a gem. It 
occurs in octahedra when not waterworn. 

.Red gpinelt are sometimes found in alluvial deposits with gold, 
but they are generally very small ; and they have occasionally 
been found in sandstone, but were probably derived from igneous 
rocks. They are also said to occur imbedded in granular lime- 
stone and with calcite in serpentine, gneiss, and allied rocks, as 
also in cavities in volcanic rocks. 

Topaz is a silicate of alumina with fluorine; and its hardness 
is little less than that of spinel ruby. 

Whiu topax is common as waterworn pebbles in alluvial 
deposits associated with gold, and has an easy and characteristic 
cleavage parallel to the base of the prism. It is sometimes 
sufficiently brilliant to be valued as a gem, especially when well 
cat; but it is not to be compared with a well cut diamond. 

Theyofe blue variety is of value for cutting into large stones 
for brooches ; specimens are occasionally found of several pounds 
weight. 

Topaz of a beautiful sherry colour occurs in BraziL Specimens 
of this, when heated, become pink, when they are known as 
burnt topaz. A lighter coloured variety is found in the tin 
mines of Saxony, and is said to have been found in Tasmania. 

The yellow varieties are cut as gems; although not very 
valuable they have considerable brilliance and look very well. 

Emerald and Beryl are chemically the same, being composed 
of silica, alumina, and glucina. 

The varieties known as beryl are generally opaque or nearly so, 
and are light green or yellowish in colour. Large crystals, six- 
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sided prisma, are oommon in veins of pegmatite traTersiag 
granite, and are also found imbedded lb quartz. 

A pale greea or light blue transparent variety is knovn as 
aqwvmwriae, and is sometimes used as a gem, but bas no great 
value. It ia sometimes mistaken for topaz, but is neitber so 
hard nor so heavy ; nor does it, like topaz, become electric by 
friction. 

According to lapidaries, enumld is a little softer than beryl, 
but its rich and characteristic green colour makes it a gem of 
great value. It is found in mica schists in Siberia and Salzburg ; 
and in clay slate with concretions containing Oretaoeous fossils in 
Granada. The emeralds &om the last locality are especially 
noted for theit beauty of colour, but the largest crystals have 
been obttuned from Siberia. Some emeralds have been found in 
a vein traversing granite in 2few South Wales, and minute 
specimens in a syenitic gneiss at Dusky Sound, I^ew Zealand. 

Fhenakite differs from emerald in composition by not con- 
taining alumina nor the traces of green colouring matter. It is 
generally colourless, but rarely wine yellow, so that it is difficult 
to distinguish from topaz, their hardness being also the same. 
Phenakite is, however, lighter and considerably rarer, It occurs 
in the Ural in mica schists with chrysoberyl and emerald ; and 
elsewhere, associated with other minerals. 

Zircon is a silicate of zirconia. The crystals are of various 
shades from colourless and transparent, when they are sometimes 
mistaken for diamonds, to yellowish, green, brown, and red. 
The smoky white varieties are known as jargons, the transjiarent 
red varieties as hyaeirOht, and the grey and brown forms as 
zircons. 

This mineral is remarkable for its brilliant lustre, which 
approaches that of the diamond, but it is not of much value. It 
has been found in granite and other crystalline rocks, and 
occasionally in volcanic rocks. 

Dichroite or Cordierlte is a silicate of alumina, iron, and 
magnesia. It is not commonly used as a gem ; it is of more 
value as a curiosity, in consequence of its showing two different 
colours when light is passed through it from different directions, 
than on account of its real beauty. It has been named dichroiU 
from this property. 

It exhibits varions shades of blue in one direction, and a 
brownish-yellow or yellowish-grey in a direction at right angles 
to the first. It is known to jewellers as "sapphire d'eau." It 
occurs in granite, gneiss, hornblende, chlorite, and talcose schists, 
snd allied rocks, with quartz, orthoolase, albite, tourmaline, 
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hornblende, ondalasite, and, sometimea, beryl It is also found 
in Tolcanio rooks, and is often decomposed. 

Tourmoliiie will be mentioned as a mineral accomp&n jing tin. 
There is a remarkable instance of it« occurrence with gold 
in the New Mount Morgan mine in Western Australia, where 
gold is commonly disseminated through the joints of the crystals, 
it is a boro-silicate of alumina and other oxides, and contains 
fluorine. 

There are many varieties, but those used as gems are either 
red, green, or blue. The first is termed vtAellita by mineralogists, 
or simply towrmaiine by jewellerB ; the green and blue varieties 
are known as Brasilian emerald and sapphire respectively, and 
in Brazil they are worn by dignitaries of the church. 

Tourmaline is usually found in granite, syenite, gneiss, mica 
schist, chlorite schist, or talcose schist, as also in diorite, dolomite, 
granular limestone, &c The most commob variety, schorl, is 
black. It is easily recognised, as it occurs in long needle-shaped 
crystals, which become electric when heated. 

Gamdt is also alluded to as a mineral which often accompanies 
tinstone, or is likely to be mistaken for it ; only those varieties 
used as gems will be mentioned here. The colour is blood- or 
cherry-red, passing to various shades of crimson, purple, and 
reddish-violet on the one hand, and to orange, red, and 
hyacinth-brown on the other. 

Unlike other red stones, garnet is not readily out in faoea, and 
ia generally cut as carbuncles or, in other words, with a smooth 
oval surface. In this form the best qualities display brilliant 
fire-red flashes of light. The best garnets used as gems belong 
to the varieties called almandtne and pi/rope; they are chiefly 
obtained from Syria and Bohemia, and are called in the trade 
"Syrian" and "Bohemian garnets." 

Besides the red-coloured pyrope and almandine, there are 
some other varieties of very diflerent colours. A green garnet, 
called ouvxtroviile, is coloured by oxide of chromium ; a black 
garnet found in crystalline schists is called melamte, and con- 
tains much iron. 

Not Hardeb thar Quartz 

There are many varieties of quartz which claim some atten- 
tion as ornamental atones, all of which consist of silica. 

Book Crystal occurs crystallised in six-sided prisms with 
pyramidal ends ; it is perfectly clear and transparent, and is 
used both for optical instruments and for ornamental purposes. 
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It is sometimeB found m crystals of enormoas size, several 
weighing from 8 to 10 cwta. having been recorded; and it is 
reported that about a century ago a druay cavity was opened at 
Zinken from which 60 tons of rock crystal were obtained, which 
realised X60,000. 

Smoky quarts, or Caimgorm, has a smoky yellow to brown 
tinge. The colour ie probably due to titanic acid, as orystaU 
containing rutile are generally smoky. It is called eaimgorm. 
from the locality in Scotland of that name. 

Citrine quE^rtE, or False Topaz, which ie yellow in colour, 
is easily distinguished from topaz, which it resembles, by the 
absence of cleavage and the difference in hardness. 

Amethyst quarts is the most highly valued of the coloured 
varieties. It may be described as clear and of a purple or violet 
colour. It is usually found in cavities in volcanic rocks. 

Ch^oedony generally occurs in stalactitic or concretionary 
masses, and is usnally whitish, yellowish, or yellowish-brown, 
rarely pore white. This variety, in common with those which 
follow, is translucent. 

Agate is a variegated chalcedony alternating with bands of 
quartz, in which the colours are cloudy or banded, but rather 
dull and not showing any sharp contrast one with the cither. 

Onyx differs from agate in being distinctly banded in well- 
contrasted shades, such as black and white, or brown and white, 
but most of the black varieties are artificially stained. 

Sardonyx is a brownish-red or orange variety of agate. 

For agate to become an important article of trade it must bo 
foand in large quantities, and in rocks so much decomposed that 
the process of extraction would be an easy one. Agates are 
mostly found in cavities in volcanic rook, where they have been 
deposited by water. 

Cameliau is of a clear blood-red or light-red colour, but this 
colour is said to be produced in India by burning, it being due 
to oxide of iron. 

ChryBoprase is of a beautiful apple-green colour, due to oxide 
of nickel In a warm, dry place the colour of chrysoprase is 
destroyed, but it can be again restored by keeping it damp. 

Plasma is an olive-green chalcedony. 

Heliotrope or Bloodstone is plasma traversed by small 
veins or specks of red jasper. 

Under the names of tncrn agate and dendrites agate are in- 
cluded those varieties in which dendritic crystals of metallio 
oxides occur, a common mode of crystallisation for oxide of 
manganese. 
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Most apecimenB of petrified wood, when there is no earthy or 
clayey matter present, are transformed into chalcedony. 

Gat's Eye is another translucent variety of quartz, but, 
nnlike chalcedony, it is crystalline, but not amorphous. A 
variety containing fibres of asbestos is sometimes incorrectly 
called " crocidolite." It is yellow iah-green in colour, with 
golden and green streaks of light, and has a silky appearance, 
due to the fibres of asbestos. The original fibrous crocidolite is 
of a fine blue colour. This stone is well known as occurrintr in 
the diamond districts of South Africa, and is also found in Ger- 
many, Ceylon, and elsewhere. 

Opal is silica in an amorphoua condition, usually with some 
water, and includes not only noble opal, but also those common 
varieties which are of no value. Fossil wood often consists of 
hydrous silica. 

The opal used as a precious stone is translucent, and has 
a beautiful play of different fire-like colours — red, yellow, green, 
and blue being conspicuous in some varieties ; while in others, 
one of these colours is prominent, the rest being less distinct. 

Perfect opals are very valuable, but their value is greatly en- 
hanced when they are set, since the operation of cutting is very 
difficult, in consequence of their hrittleneas. They are usually 
found in cavities in amygdaloidal rhyolite and some other lavas. 

Orthoclase, Oligoolase, and Iiabradorite. — Some varieties 
of orthoclase and oligoclase contain minute flakes of other 
material, are iridescent and exhibit a beautiful play of colours. 
They are called guntUme and tnoonstone, and are occasionally set 
in brooches, but are too soft for rings. They are chiefly obtwned 
from India, America, and Ceylon. 

Iridescent Ltdtradorile, which is chiefly obtained from the coast 
of I/abrador, is sometimes found in blocks of large size and of 
varying colours— violet, blue, &c. It is used for decorating 
artistic furniture, and is sometimes cut for pins, &c. 

A beautiful variety of orthoclaae known as Amazon stone occurs 
as large green crystals in Siberia and the United States. It 
would form a pretty ornamental stone, hut is not transparent. 

Olivine or Chrysolite, which ia also known as peridot, is 
a silicate of magnesia coloured with a small proportion of iron; 
its usual colour is bottle green of various shades. It is not so 
hard as quartz and but little harder than glass, besides which 
it is brittle and therefore of very little value. It is an essential 
constituent of basalt, and occurs in serpentine. In New Zealand 
and New Caledonia it forms a massive rock, which frequently 
contains chromite, and has been named dunite. 
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Epidote is a silicate of alumina and lime, with small propor- 
tions of iron and water. It occurs crystallised in loog prisms of aa 
olive-green colourin one direction and yellow or brown in another; 
so that, like cordierite, it ia dichroic It is more a curious than 
a precious stone; its lustre ia vitreous, and it iatoo dork for orna- 
mental purposes. It is of common occurrence in many crystalline 
rocka, especially those which are homblendic, and in serpentine ; 
and it oiten accompanies beds of magnetite and heematite. 

Eyanite is a silicate of alumina, generally of a light blue 
colour, but also white, grey, or green. It occurs in long, thin, 
blade-like crystals imbedded in mica schists and gneiss. It is 
of no value as a precious st«ne. 

VeauTionite or idocrase is a complex silicate of alumina and 
other oxides, and is allied to garnet, but crystaUiaes in different 
forms ; it resembles tinstone, from which, however, it can be- 
easily distinguished by its fusibility. It has a vitreous lustre- 
and a hardness of 6'5, but is of no value as a gem. It is found 
in volcanic rocks at Yesuvius and in crystalline schists and 
gneiss in many locaKtiea 

AndaluBlta has the same composition as kyanite, but crystal- 
lises in different forms, besides having, when coloured, a reddish 
tinge. The variety chiattoUle occurs as small white rod-like 
crystals imbedded in slate, and exhibits the form of a dark cross 
due to impurities in its sections. It is a little harder than 
quartz, and its lustre is vitreous. 

Turquoise Is a hydrous phosphate of alumina. It is amor~ 
pbous and opaque. The best quality, the Persian turquoise, is 
of a beautiful sky blue colour. Odontolite, called by jewellers, 
"turquoise of newtock," is fossil hone, coloured by copper. It 
is of far inferior quality to the true turquoise, and is easily 
decomposed ; when the unpolished surface is carefully examined 
the structure of bone can be seen. Odontolite occurs chiefly in 
cave deposits; while true turquoise is found in sandstones, 
where it is found in seed-like groups. 

Ultramaxiiis or Iiapis Ijazuli. — This beautiful stone is blue ; 
opaque or semi-translucent; and is often traversed by veins of 
pyrites. It ia a very complex mineral chemically (if, indeed, it 
must not be regarded as a rock), consisting of silicate of alumina, 
with soda, lime, sulphur, chlorine, &c. So long as the pigment 
which bears its name was obtained solely from this source, the 
price of the colour was enormous i but since it has been manu- 
factured artificially the price has been greatly reduced, and 
ultramarine can now be obtained at a fraction of the prioo- 
formerly paid for it 



yCOO' 



>^[<. 



78 FBOBPKrriNQ roa MimiiixB. 

Although its oil;, hauyne, is cry stalUaed, lapis tazali ooours in 
a maesive state, being found in crystalline limestone on the banks 
of the Indus; and in granite, in Persia, Ohina, and Siberia. It 
is used in mosaic work, and costly vases are made from it ; but 
it is also worn as a jewel. 

Borsoite. — This mineral, though not a gem, is included here 
«n account of ita hardness, which is that of quartz. In the table 
for the determination of minerals it is placed with tourmEkline, 
which it resembles by containing boron, and also in becoming 
electric when heated. It contains chlorine, and, mixed with 
■oxide of copper, will colour the flame azure blue. It is rare, bub 
is found in small white crystals with gypsum and rock salt. 
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name. 


1 


i 


1 


i 
1 




1 


i 


1 
1 


i 
s 






1 


j 


Comndnm, 

Zircon, 
Cordierite, . 
Pbeiutkit«, . 


•;■ 


R 


::: 


■•■ 


::: 


R 


i 


^ 


R 
R 


: 


R 


X 


X 



SCALE OP HARDNESS FOE PRECIOUS STONES. 



Opd. 



5 Apatite (not ft precioaa BtoDe) ; Bcntched by at«eL 
6'S The hardest glass (imitation gems are Btill softer), 

6 Orthoolaae; scratched by hardened steel, 
Turqaoiae; „ „ „ 

6'B Olivme or peridot, 

7 Quartz, amethTit, cairngorm, \ Tonnnaliiie, . 
7'fi Zircon, garnet, . . ./cordierite, . 
S Topaz, spinel ruby, emerald, beryl, phenakite. 
8 '5 ChryeoberyL 

9 Corandum (sapphire, ruby, oriental emecald, oiiental amethyst, 
orieatal topaz). 
JO Diamond. 
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STBATIFIBD DEPOSITS. 

Those claaaes of mineral deposits which come under this head 
have been formed at the same time as the rocks with which the^ 
are iuterstratified, and, indeed, ma^ be looked upon as rocks 
themselves. 

Sncb substances as slate, marble, and the various building 
stones, which are quarried; coal, some deposits of ironstone, 
rock salt, and gypsum, which are either quarried or mined ; and, 
lastly, rocks which are impregnated, to a greater or less extent, 
with metallic minerals, come under this group. 

Begarding those sabstancea which have to be quarried, such 
AS slates and the various building stones, it is not proposed to 
enter into any description, while the other two groups require 
separate treatment, because the former (of which coal may be 
taken as a type) will be worked so that the greatest quantity^ of 
material will be removed ; the latter, so that only that portion 
1)0 token which will be of a remunerative character. 
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Coal. — It will be of advantage in the first instance to study 
the manner in which coal has been formed, and thus arrive at 
Bome of the principles which govern its distribution. 

That coal is of vegetable origin may readily he proved by 
examining a thin slice of that eubatance under a microscope, 
when the tisanes of plants can he more or less perfectly seen ; 
but in most cases there are two kinds of structure visible, one 
the so-called structure of mineral charcoal, resembling charred 
wood, in which the vegetable tissue cannot be reoogniaed; and 
the other, composed of round cell-like bodies. 

It has been shown that, in many cases at all events, the 
bituminous or volatile matters in coal are due to these round 
cell-like bodies, and these have been traced to the resinous 
spores of plants which are allied to the club mosses of the 
present day; but unlike these, which seldom grow to more 
than a few inches in height, the plants to which these spores 
belonged grew to a very great height, and the climate and con- 
ditions generally must have been extremely humid. 

lb is now generally oousidered that coal seams were formed 
on the sites where the plants from which they are derived grew, 
and, therefore, that the bed of underclay which is frequently 
found below the coal was the soil upon which these plants 
grew ; but in some few cases coal seams may have been formed 
by vast accumulations of drift wood. That most seams of coal 
were formed in silli is borne out, however, by the occurrence of 
roots in this under clay. 

A careful examination of any section in which seams of coal 
occur demonstrates the fact that the rocks with which they are 
chiefly associated are alternating beds of shale and sandstone, 
with occasional beds of fireclay and ironstone. It is not at all 
unusual to find a thickness of several hundred feet of these 
rocks, including several seams of coal of varying thickness and 
quality, some of which could be worked to advantage, while 
others are not of sufficient value to pay for mining. 

It is seldom the case that these shalea and sandstones contain 
marine fossils ; remains of plants and occasional fresh- water shells 
are the only fossils that occur in them, and there can be no 
doubt that they were deposited under conditions which allowed 
of the growth of dense forests, of their submergence below fresh- 
water areas, and of their subsequent elevation when fresh forests 
grew, which in their turn were altered to coal. Subsequent 
depressions on a larger scale have in many cases submerged these 
coal-bearing beds below sea-level, and rocks containing marine 
fossils are then found overlying the coal-bearing series. 
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It will be perfectly evident that with the mode of formation 
described the extent of valuable seams of coal is not aeceaaarily 
ootenuinouB with the shales aad sandstones with which they are 
interstratified. The exteat of the coal seams will depend to & 
great extant upon the local conditions which prevailed at the 
time of their formation ; and whereas the conditions of soil and 
climate may have been identical over very wide-spread areas, in 
which case the coal will be of uniform quality and thickness for 
great distances, it may equally well prove that these conditions 
were very local, and consequently that the seams vary much in 
short distances, thinning and deteriorating in passing from one 
property to another. 

It is seldom the oskse that seams of coal are foand in an 
absolutely horizontal position, and so, if they have any dip at 
all, they are generally to be found outcropping somewhere 

or other. Those outcrops 

may be, as in mountainous 
countries, represented by 
a p liff, frequently with a 
hard sandstone forming a 
Boarp, with the softer coal 
underlying it, as in the 
accompanying sketch, in 
which case the cool can 

easily be tested and meas- l~Z~II 

nred with very little work ; 

or, as in flat or undulatine t^- c ^ ,.• 

' . . ,u 1^ Fig- 5.— Section. 

country, where the rocks " 

have been much decomposed, the outcrops may be obscured by 
surface soil, and then more judgment is necessary in order to 
decide what work should be done. 

The following sketch (Fig. 6) will illustrate the conditions 
alluded to. Where these prevail, some information regarding the 
strike and dip of the strata and the probability of coal existing 
can generally be gained by an examination of creek beds or any 
ontcrops of rock which exist; after which, a careful examination 
of the soil will frequently reveal small pieces of coal in it or, 
possibly, only a black sooty-like smu(^ in the soil, which will 
afford some indication of the best plaoes in which to sink small 
trial holes in search for coal. 

Snr&oe prospecting is of the greatest value for deposits of this 
olasi^ and shovud always be undertaken before any more expen- 
sive methods of testing the ground are adopted. Having 
demonstrated the fact that a seam or seams of coal exist on any 

6 
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property, the next point that will have to be considered in form- 
ing aaj idea of the extent of these coal seams is, to what move- 
ments have the rooks been sobjeoted ; what, in fact, are the 
angles of inclination or dip of the different beds 1 Knowing that 
searos of coal are stratified deposits, or have been formed during 
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Fig. 6. — Section. 

the same geological period as the rocks in which they occur, it 
wilt be certain that the ooal seams themselves have been sub- 
jected to the same movements as the rocks, and having once 
settled the position of a coal seam in a section, any further 
observations of dip or strike may just aa readily be taken In the 
rocks which crop out at the snr&ce as in the coal seam itself. 

To illustrate this by a section ; if it is supposed that a coal 
seam has been found cropping out at the surface in a cliff aa at 
a (Fig. 7), and dipping in the direction indicated, the thickness of 



Fig. 7.— Section. 

the beds to the summit of the cliff can be measured, and then 
the upper bed traced along the surface towards the dip. Taking 
advantage of every outorop of rock which is to be seen, and 
noting the dip of each, an exact idea can be formed of the course 
of the ooal and the depth at which it will be found at different 
points. If the dip was uniform, as shown in the section, this 
would be very simple ; but if, on the other hand, the dip and 
strike changed at different places, the surface would have to bo 
studied very carefully in order to arrive at these conclusions. 

In the following plan (Fig. 8) let (a) be a seam of coal, cropping 
as shown, and (b) a bed overlying it, also cropping at the places 
marked, and dipping as shown by the arrows. In this case, the 
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mun body of coal would lie in the direction indicated by the 
large K,rTOw, and coal struck along this line could be worked to 
the rise in three directions. 

A surface study of the groond may thus be of the greatest 
value in determining in what direction boring operations ean 
beat be carried on, and may frequently save a great expenditure 
in useless boring, since it is not a very unusual thing for bore- 




Fig. 8.— Flui. 

boles to be sunk when the same information could be better 
obtained by a sur&ce study of the ground. 

This sunace prospecting, however, will not inform us what 
the thickness of the coal seams may be in any particular area, 
nor give us any notion of their quality. Having by surface 
work arrived at a conclusion as to the distribution of the beds, 
boreholes, situated judiciously so as to prove the thickness and 
quality of the seams, must be put down and an accurate know- 
ledge regarding them thus obtained. 

It is an old and true saying that " a colliery well bored is 
half won " ; but even boreholea will not give notice at the out- 
set of all the troubles which may be met with in the workings. 
There may be small or even large &ults which have disturbed the 
seams, and may thus give rise to a large amount of dead work ; 
or there may be bands of stone and partings, formed during the 
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depositioD of the coal by otreams which carried a certain amonnt 
of sediment with them ; or " vash onta " may occur where the 
coal hu been completely carried avay by running water, and 
ita placo filled in with sand or gravel j or the coal may even 
be cut out by dykes of igneous rock, which have been forced up 
from below, as at Newcastle and Illawarra in New South Wales. 
All matters such as these can only be determined in the work- 
ings, and we must always be prepared to find a fair proportion 
of snch difBculties to contend with and oTeroome. 

Surface prospecting and boring can, however, determine the 
area of the coal-bearing rocks in a certain district^ and can 
demonstrate the existence of workable seams of coal in these 
deposits ; beyond this the prospector can hardly be expected to 
go. There are always elements of uncertainty in mining, and 
although coal mining ia perhaps the most certain of all, it is 
not free from disappointments. The quality of coal varies 
considerably, for while some classes are suitable for steam 
raising and smelting purposes, others have a much leas ex- 
tended use; but these characters will be referred to later. 

In working ooal it must be borne in mind that everything 
depends upon local conditions, the thickness of the seams ; the 
presence or absence of hands interstratified with the coal, and 
the nature of the roof and floor ; and it ia worth while consider- 
ing a few points now which bear upon the question. 

Seams of coal not more than 18 inches thick can be worked to 
advantage under special circnmstaacea, but these must all be 
favourable. The roof and floor must be good ; the inclination 
of the seam small ; there shonld be facilities for driving coal- 
ontting machinery at a cheap rate ; wages should be cheap and 
the sale price of coal comparatively high ; and, especially, there 
should he no competition with thicker seams under as favourable 
conditions in the neighbourhood. 

Seams are worked up to 50 feet, and even more, in thickness ; 
but no Bpecial advantage exists in working a seam over 6 ft. 
or 7 ft. thick ; as, although more coal can be won in a given 
area, the expensea of aupporting the roof and the difficulties of 
ventilation militate against oheap working. In the early hiatory 
of a district the cost of working coal is generally at a minimum 
and even when wages are high, as, for instance, in the United 
States, there are many cases where outcrop coal is worked at 
about 4b. per ton; while in England, with lower wages, the coat 
ia often 7s. per ton (or even more) when worked from shafts, 
with pumping and surface charges to be considered. 

The presence of bonds or layers of ahale or stone in a coal 
seam ia sometimes very pr^udicial to the working, indeed, at 



times will make au otlierwise valuable aeam nEeleaa; but, ia 
otber coses, where the bauds are fairly large and separate easily 
from the coal, the stone from them can be used to build pack 
walla in the mine, and they are no serious inconvenience. 

Iron Ores. — Deposits of ironstone occur under somewhat 
similar coaditions to coal, but they are much more irregular in 
their extent. They are frequently found associated with the 
coal measures, but quite as often are interstratified with beds 
in which no coal is present. Most stratified depoeits of iron are 
either carbonate of iron, known as day baiid irontUme; car- 
bonate of iron mixed with some carbonaceous matter, known as 
black band ironatone; or a hydrous oxide of iron, known as brovtn 
iron ore. There are also deposits of red hnmatite, the anhydrous 
oxide, but these are of rarer occurrence. 

By far the greater quantity of ironstone mined is brown iron 
ore, of which the extensiTO deposits of Bilbao in Spain may be 
taken as a type. The ores are mined and picked so as to 
produce as high a percentage of iron as possible, and are sold 
on the basis of 50 per cent iron, so much per unit being paid 
for each per cent above this. The prices naturally vary some- 
what, but from id. to 6d. per unit for ores of 60 per cent and 
over, delivered in "Wales or the North of England, may be taken 
as about their value. Evidently the margin of profit in working 
this ore is slight, and the conditions must be very favourable to 
allow of a deposit being worked to advantaga 

Hook Salt and Gypaum also occur nnder somewhat similar 
conditions, but hardly merit any special remarks here, although, 
of course, the salt industry is enormous. 

Metollio Ores. — The group of impregnated stratified deposits 
ia well represented on the Oontinent of Europe by the Bunter 
sandstone, which in parts of Germany is charged with fine grains 
of galena, the whole rock at times containing about 3 per cent 
of lead; and by the copper slate of Germany in which the im- 
pregnated rock yields 2 to 3 per cent, of copper, and is enriched 
at places by veins containing more valuable ores. 

At Lake Superior extensive conglomerates impregnated with 
native copper, and amygdaloids formed by lava-streams, the 
Tesicles of which have been filled with various minerals in- 
cluding native copper, form the important copper - bearing 
deposits of that region. 

It is of importance to note that such deposits as the Bunter 
sandstone and copper slate have afforded employment to many 
hundred men for between 200 and 300 years, and so may be 
looked upon as deposits of very great commercial importance. 
This also affords another illustration of the fa^t that ^e^fiWfe 
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deposits of thia sort will pay well to work if the qnuitity of ore 
is Bafficieiit. 

Gold Depositfl. — By &r the most important, however, of the 
impregDAted stratified deposits which have yet been found are 
the so-called banket beda of the TranavaaL These beds consisb 
of qaarti oonglomerateB which are interstratified with shales. 
The remarkable feature oonceming them is that the pebbles of 
the ooBglomerates appear to be imbedded in a matrix of quarts, 
which must have been deposited from solution around them j it 
is in thia enclosing quarta that the gold occurs. There are 
several of these beda lying one above the other and separated 
by beds of shale. In tiie neighbourhood of Johannesbui^ they 
have been trnoed and worked for miles along their strike. 

The most interesting and valuable fact regarding this deposit 
is the oomparatively uniform yield of the atone; for while, of 
course, it ia not all equally rich, experience haa shown that very 
large areas yield ore which is constantly payable to work, and 
that by opening the ground on a large scale a constant and 
Steady yield can be maintained. It ia difficult to account for 
the origin of theae deposits ; and although many theories have 
been propotinded, it is doubtful whether any of them satisfac- 
torily explain the occurrence, for it is not easy to understand 
how the eaotosing matrix of quartz can have been formed unless 
from siliceous springs which also carried gold ; and if this be 
their source^ it is hard to imagine that these springs should 
have the widespread distribution which would be necessary to 
explain the phenomena. It is true that some chemical decom- 
position in inland waters might account for the occurrence, but 
even this it is hardly possible to investigate at present on the 
basis of observed facts. 

Be their origin, however, what it may, it is certain that the 
deposits are widespread in the Transvaal, and have opened a 
field for gold mining such as has never been seen elaewhere, and 
under conditions which have never before been secured. Instead 
of the uncertainty of reefs, in which rich shoots of gold are suc- 
ceeded by barren ports, thus preventing one from forming any 
estimate of value beyond those portions of the reefs or lodes that 
can actually be seen, the TrauBvaol beds have been so developed 
aa to show their continuity in such a manner that, although 
they are not uniformly rich, they have all the elements of 
permanence possessed by a coal seam. 

Their early history, moreover, did not foreshadow the great 
value they would ultimately acquire; for it was found that by 
battery amalgamation only a comparatively small proportion of 
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the gold was saved, and it ia due to the cyanide proceBs for the 
extraction of gold that the succeaa of the Band mines ia due, 
while it ia equally true that the snccesa of the cyanide process ia 
due to the Band. 

In no part of the world has gold mining been carried on npoa 
the extensive scale which ia adopted here, and perhaps in no 
case has capital been so lavishly expended in equipping mines 
with all the latest improvements, as no expense has Deen spared 
when succesB could he gained by incurring it. 

At the present time the Band mines are yielding over 400,000 
ounces of gold every month, approaching a value of X3,000,000 
sterling; and there appears no reason t« anticipate any immedi* 
ate falling off in the yield. 

No similar deposits to these have yet been found, but the 
prospector should devote careful attention to testing any similar 
beds he may meet with. It must be remembered that eminent 
mining engineers did not attach great importance to these beds 
when they were first discovered on the Band, and it is quite 
possible that similar beds may be found elsewhere ; the Tarkwa 
conglomerates in West Africa may or may not he of the same 
origin. There are certain conglomerates associated with the Oar- 
bomferotts rocks of New South Wales in which gold has been 
found; and in Spain it is stated that auriferoua conglomerates 
exist; but in neither case have they been developed. There are 
many other cases in which rocks have become impregnated with 
valuable minerals in the neighbourhood of veins and dykes, 
which will be referred to under the heading of Irregular Deposits; 
but there is one case to which attention should be called at this 
place, viz., the Belubnla deposits near Carcoar in New Sputh 
Wales. These beds, which crop out close to the Belubula Biver, 
rise as a small hill, are regularly stratified, and dip towards the 
river, aa in the following section i— 



Pig. 9.— Section. 

In a vertical section of about 90 feet, over 60 feet in thickness 
ia composed of material carrying gold. 

The auriferous beds are of a fine sandy nature, and are very 
easily crushed, while the beds with which they are inter- 
stratified are of a slaty character, and are stated by soma 
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obseirers to be very tine graioed " laccoliteaj" the whole eeriea 
being considered as of igneous origin. There is, however, a very 
well marked strati ficatioD, and the lines of demarcation between 
the auriferous and non- auriferous beds are well and clearly 
defined. 

Pittman considers that the ore bodies were porous submarine 
tuffs laid down contemporaneously with the beds of mud (now 
forming claystone^ during intermittent periods of intense vol- 
canic activity, which brought about the induration of the 
claystones, the obliteration of the original structure by hydro- 
thermal solutions, and the filling of spaces with calcite, silica, 
and auriferous sulphides and arsenides. 

The auriferous beds are not uniformly rich in gold, but vary 
in their gold contents from mere traces to nearly 1 oz. per ton. 
Some thousands of tons have been crushed in a battery, and are 
reported to have yielded between 5 and 6 dwts. of gold per ton. 

These surface beds are somewhat heavily charged with soluble 
sulphates, such as alum, sulphate of iron, &c., which makes it 
impossible to recover a fair proportion of the gold by ordinary 
processes, unless the ores are previously roasted. 

Working Sxpenses. — The most important matter for the 
prospector to bear in mind as regards the occurrence of impreg- 
nated minerals in stratified deposits is that, if it can be shown 
that these impregnations extend over a considerable area, the 
conditions of working will be such as to reduce working expenses 
to a minimum. Under no oouditiona in lodes can the ore be 
mined so cheaply; consequently, if large beds exist, it is safe to 
calculate that, working on a large scale, very low returns will 
pay. It is true that a large initial expenditure will be necessary 
to equip the mine on such a scale as will allow a margin of profit 
upon low grade ores, but when this preliminary expense has 
been incurred the business becomes one of an industrial nature 
rather than the ordinary mining risk. There is little prospect 
of any sensational returns, but steady profits can be looked for 
if proper care is exercised iu the management. 

There Is yet one point to which attention should be called 
when considering the working of stratified deposits generally, 
whether coal, iron, salt, lead, copper, or gold — viz., that the 
whole success depends in every case upon a most careful atten- 
tion to detail It must be accepted as a principle that the profit 
per ton of ore mined will be small, and that a little laxness in 
the management here and there will very soon convert a surplus 
into a deficit. When it is considered that, on an output of 1,000 
tons a day, a halfpenny per ton represents over .£600 a year, it 



HIVBRAL VEINS AND LODES. 89 

■will be seen that the most rigid care has to be exercised on small 
details in order to make this class of mining Buocessfiil. It is 
true that this question, perhaps, hajdly affects the prospector^ 
but still it should be always present in Mb mind, for he must 
look ahead and be able to decide whether any property vhich he 
secures will bear the investiKation it is sure to receive before he 
can reap any profit from his discovery; and a thorough knowledge 
of the conditions which should prevail in subsequent working is 
the only way in which he can avoid mistakes and an undue 
expenditure of time and labour in the early history of a mine. 
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MINERAL VEINS AND LODES. 



MiNEBAL deposits formed after the rocks in which they occur 
are of two kinds: — (a) Deposits in pre-existing cavities; (6) 
deposits replacing certain constituents of the rocks themselves. 

Fre-existiag cavities have been formed in various ways, and 
may be divided into (a) lodes of various classes, (b) some contact 
deposits, and (c) some deposits in calcareous rocks in which 
caves have been dissolved prior to the deposition, of the mineral 
within them. The replacement deposits, while varying much in 
form, have all practically the same origin, being due to the 
solution of one class of mineral by percolating waters and a 
coincident deposition of one of another class. The channels by 
which these infiltrating solutions have come to their work vary 
with different deposits, and replacements take place at the 
junction of igneous rocks and sedimentary strata, where what 
is known as regional metamorphism has taken place ; in the 
vicinity of lodes, and again in limestones. It will be seen, 
therefore, that it is difficult to draw hard and fast lines between 
the different classes of mineral deposits, and that frequently two 
or more forms of origin may be illustrated in one mine. 

The actual agents in the formation of these deposits are 
practically the same in every case, although their chemical 
constitution varies, and it is better to consider this question 
first before describing the deposits themselves. 

In the early days of geological research there were two schools 
of geologists, one of which attributed everything possible to 
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igneona origin, while the other sought the &id of water to 
explain moBt of the observed facts. It ia needleaa to remark 
that theae extreme views led to a great nnmber of absurd 
theories being propounded both on one side and the other, but 
the mode of origin of mineral deposits has remained a matter of 
dilute after many other points of difierence have been settled. 

It has been held by one school that mineral deposits are of 
igneoDB origin, and have, therefore, been filled from the interior 
of the earth, and, by the other, that they owe their origin to 
aqueous agencies and have been filled from the surface; bnt 
neither of these views can be taken as correct in its entirety. 
So long as these two theories were held by opposing parties, it 
was supposed that, if a reef was filled witii fused matter from 
below, it would necessarily widen as it went down j whereas, if 
the filling took place from the surface, the width of the reef 
would gradually diminish until it at last pinched out It may 
bo safely affirmed that in no case have the walls of lodes beea 
altered by other means than an infiltration of silica, which 
frequently hardens them, or other chemical change due to the 
action of percolating solutions, besides which, quartz is far less 
fusible than most of the rocks through which reefs pass. When 
the walls of lodes are examined, no signs whatever of fusion 
can be seen, but many angular prominences yet remain. In 
many coses, lodes are also found to have a banded structure in 
lines parallel to the walls, the difierent bands sometimes con- 
taining different minerals, showing that the solutions which 
deposited these minerals varied from time to time. 

A consideration of the foregoing phenomena leads to the con< 
elusion that in every case lodes have been filled directly by 
crystallisation of minerals from solution, and that the con- 
stituents of these minerals have been dissolved &om the rocks 
through which the subterranean water filtered. In some cases 
they may have been derived in the immediate vicinity of the 
lodea in which they are found; and, in others, they have come 
from some considerable distance, being only deposited when the 
waters have met with rocks of special composition or other con- 
ditions have been favourable. 

The following are some fiimiliar instances of the solvent 
action of water under different conditions : — 

Limestone, for instance, is nearly insoluble in quite pure 
water; but when this water has previously dissolved a certain 
quantity of carbonic acid, which all rain water takes up in 
falling through the air, it is then capable of dissolving carbonate 
of lime. All water in limestone districts is " hard," or, in other 



HINBB&I. TEIlirS AKD L0I>£9. 91 

words, contains carbonate of lime in solution ; and the caves, 
■which are always found in limestone, show the extent to which 
solution has gone on. Caves, however, not only afford proof 
that the limestone has been dissolved, but show also how it may 
again be deposited, the stalactites which hang from the roofs and 
the stalagmites on the floors having been thus formed. In many 
cases deposits of calcareous sinter occar on the surface, and some 
remarkable deposits are found in mines, to which allusion will be 
subsequently made. The action of carbonic acid is not, however, 
limited to the solution of carbonates, bnt haa also the power of 
decomposing many minerals, such as the felspars, in doing which 
it dissolves the alkalies in the form of carbonate, and sets free 
silica in a soluble form. Quartz is also soluble in these solutions 
of alkaline carbonates. 

The solvent action of water charged with carbonic acid is 
greatly increased when either the temperature or pressure i» 
augmented, while, with decrease of temperature or pressure, the 
substance held in solution is (^ain deposited. 

As a proof of the foregoing statement, reference need only be 
made to the bot^springa of the Rotomahana district, N.Z., where, 
before the Tarawera eruption which destroyed all the terraces 
which had been deposited by these springs, all the actions 
specified were going on. The water came to the surface charged 
with carbonic acid, which was given off when it reached the sur- 
face, the pressure having been diminished, and the silica which 
had been dissolved from the rooks through which the water had 
passed was again deposited as sinter, forming the &mous white 
and pink terraces. The silica held in suspension by the water 
was the canse of the bright pellucid blue colour so charac- 
teristic of these springs. The sinter consisted entirely of 
silica, while carbonic acid was evolved in large quantities at 
the geysers. 

Sulphuretted hydrogen is not less important in the chemical 
laboratories of nature. As a gaa it issues from springs in many 
districts, being readily recognised by its unpleasant smell like 
rotten eggs. This gas has properties which are relied upon for 
many reactions ia analytical research. It precipitates some 
metals in acid, others in alkaline solutions; but most of the 
metals are dissolved in alkaline sulphides. 

It ia essential to remember that in all cases, whether water be 
charged with carbonic acid or sulphuretted hydrogen, the solvent 
action is greatly increased by pressure or heat ; and that when 
the temperature ia lowered or the pressure decreased deposition 
will ensue. This is the principal reason why minerals have been 
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deposited in lodos, for it must be borne in mind that tbe water 
circnlating in lodei cannot be ntider the Bame preasare as it was 
when in the pores of the rocke, and that as it rises towards the 
■nrface the temperature Bteadily decreases. 

As an illnstratton, an extract may be quoted from Air. G. F. 
Becker's report on the geology of the Oomstock lode {U.S. Geo- 
logia:U Survey, 1880-81) :— 

"Baron von Bichthofen was of opinion that fluorine and 
chlorine had played a large part in the ore depoaitioa on the 
Comstock, and this the writer is not disposed to deny ; but on 
the other hand, it is plain that most of the phenomena are 
sufficiently accounted for on the supposition that the agents hare 
been mei«ly solutions of carbonic and hydros utphnrio acids. 
These reagents will attack the bisilicates and felspars. The 
result would be carbonates and sulphides of metals, earths and 
alkalies, and free quartz ; but quarts and the sulphides of the 
metals are soluble in solutions of carbonates and sulphides of the 
earths and alkalies, and the essential constituents of the ore 
miglit, therefore, readily be conveyed to openings ia the vein 
where they would have been deposited on relief of pressure and 
diminution of temperature." 

" An advance boring on the 3,000 feet level of the Yellow 
Jacket struck a powerful stream of water at 3,065 feet (in the 
west country) which was heavily chained with hydrogen sul- 
phide and had a temperature of 170* F., and there is equd 
evidence of the presence of carbonic acid in the water of 
tbe lower levels. A spring on the 3,700 feet level of the 
Yellow Jacket, which showed a temperature of above 150° F., 
was found to be depositing a sinter largely composed of car^ 
bonates." 

But it is not necessary to turn to America alone for illustra- 
tions of the filling of reefs, for any mining district which has 
been sufficiently studied will afford subject for reOection. In 
the Thames Goldfield, New Zealand, for instance, most of the 
phenomena alluded to are very clearly demonstrated. The 
country rock consbts of numbers of stratified bands of sub- 
marine volcanic rocks, some of which are bard, green, and 
undecomposed ; others consist of a softer white rock in which 
the felspars have suffered decomposition, and the rock itself ia 
charged with numbers of small crystals of pyrites, especially 
near the reefs. Tbe rock is also traversed by numerous smaU 
black veins, chiefly sulphide of irou and antimony, and it is in 
these decomposed rocks that the richest deposits of gold are 
found in tbe reefs. All miners who are acquainted with the 
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ThKmes Ooldfield will recognise the carbonic acid which has 
been alluded to in the heavy gas so prevalent below the 400 feet 
level, and which render! ventilation so difficult. The Big Pump 
affisrds an illustration of the quantity of carbonates held in 
solution under pressure and ready to be deposited when 
this pressure is removed; and the records of the Pumping 
Association show that a vary heavy expense was incurred in 
cleaning the columas from the incrustation of carbonates, which, 
during the earlier days of the deep levels, formed with almost 
unprMedented rapidity. 

Although free sulphuretted hydrogen has not been detected 
in this locality, it evidently existed during the charging of 
the reefs. 

It is a well-known fact in all mining districts that the junc- 
tions of lodes are generally the richest points, always supposing 
that the junction takes place in " kindly country"; the explana- 
tion of this is simple on tbe aqueons theory of filling of lodes. 

Water traversing two different channels of necessity passes 
through different belts of country, and thus holds different sub- 
stances in solution. As a case in point, suppose the water in 
one channel contains carbonates of lime and alkalies in solution, 
as well as silica derived from decomposition of felspars ; and 
that the other, charged with sulphuretted hydrogen, brought 
with it sulphide of antimony dissolved in sulphide of lime. 
The result of these two waters meeting would be that carbonate 
of lime would be formed, sulphuretted hydrogen set free, and 
sulphide of antimony deposited, as well as tbe silica which was 
formerly held in solution by the carbonic acid. 

Numbers of such illustrationB might be given, but it is not 
the object of this book to explain all phenomena which occur in 
lodes, bnt merely to direct the observations of prospectors into 
tlie right channels. 

It is well known that in every district certain rocks are more 
"kindly" for one special mineral than for any other. Lime- 
stone, for instance, is very often the rock in whicn galena occurs; 
while gold is frequently closely related to diorite. In snob cases 
the solution carrying the metals may have traversed various 
rocks flowing sometimes for great distances without meeting 
with conditions favourable for deposition, and only have met 
with these conditions when it reaohed that belt of country which 
we, in working the mine, designate "kindly ground," where, by 
an interchange of materials, by chemical action, in fact, deposit 
tion ensued, and shoots, bunches, or courses of ore were formed 
as the case might be. 
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This raiEBs the very interesting question of the origin of gold 
and other minerals which have occnmulated in lodes, and a very 
close relationship can hardly fail to be traced between the rocks 
encasing the lodes and the mineral deposits which occur in 
them. In connection with this a quotation may be permitted 
from Mr. F. S. Emmons's report on the minliig industry of the 
Leadville district, Colorado, because it very well expresses the 
views it is desired to enunciate. He says : — " The earlier 
geologists devoted much speculation to the subject of the origin 
of metallic minerals in ore deposits, and arrayed themselves on 
the side respectively of the Neptauists or Flntoniats, according 
as they believed them to have been brought to their present 
position by descending or asoending currents, whether gaseous 
or liquid. As pure theory has been gradually modified by the 
results of actual investigation, the upholders of the two opposing 
schools have come to concede in this, as in other qaestions of 
general bearing on geology, an element of truth even in the 
views of their opponents. Only extremists maintain that any 
series of geologiccii phenomena admit of but one explanation, 
or are due to one universal immediate cause. It is generally 
agreed that subterranean waters, however deep seated their 
apparent source, came originally fhim the surface. It is, more- 
over, proved that no rocks are absolutely impermeable to -water, 
but as on the earth's surface, so within its solid crust, there is 
a constant circulation either through capillary pores, where it 
is not readily visible, or through the larger and more apparent 
channels formed by joints, cleavage planes, faults, dykes, and 
stratification lines, the direction taken by such waters varying 
with different looal conditions. In the case, therefore, of ore 
deposits, which are derived from aqueous solutions circulating 
within the earth's crust, a class which is oonstantly augmented 
by scientific investigations, the question as to the immediate 
sources of the metals in solutions from which they were de- 
posil^d, whether above or below the present position, is one 
which must be determined independently in each individual 
ease, and to which no general answer can probably ever be 
given." 

A few examples may be mentioned in illustration of the fore- 
going remarks. At Adelong, N. B. Wales, the reefs traverse 
a hard, nndecomposed syenitic granite, and are undoubtedly 
true fissure reefs ; but the country rock from the surface to the 
lowest levels exhibits no appreciable change in its composition, 
the granite throughout being a hard, solid compact rock. The 
lodes themselves, however, are nut completely filled with quarts, 
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but &re really aofter channels of country largely composed of 
chlorite ; and all those parts which were not filled mechanically 
have since been charged with auriferous quartz by the cir- 
onUting vaters. In t~bis case, the deposition of the gold and 
quartz was probably due to chemical changes induced in these 
softer channels, and not in any way to the decomposition of 
the solid granite itself. Grenfell, on the other hand, which is 
also in N. 8. Wales, may be taken as a case in point where the 
rock has exerted a powerful infioenoe on the mineral deposits. 
The rock in which the richest deposits of gold occurred in the 
Consols Beef was a dark-coloured porphyrite containing a dark- 
greenish mica, while in the lower levels, where the reef ceased 
to be payable, no mica was to be seen. 

In this case, the presence of mica in the rock appears to point 
to the class of ground which possessed the necessary substances 
for precipitating gold, and shows how necessary it is to trace 
the extent and boundaries of different classes of rock. 

Even more marked than this is the case of the Thames, where 
the shoots of gold can be traced through several different belts 
of rock with which other beds are tnterstratified, in which gold 
does not occur in payable quantities; and a section of the 
Albumia Mine will illustrate this varying character very well, 
those belts marked a fFig. 14) being the hard and unproductive 



Fig. 14. — Section through Alburnia Mine. 

country. It is often the case that the charging of reefs is attri- 
buted to what is known as solfotaric actios, the final stage of 
volcanic eruption when only steam and gases are emitted from 
the craters being called the solfatara stage. In Mr. Becker's 
report on the Corostock lode, which has already been quoted, 
he shows, in a section from Mount Davidson through the upper 
end of the Sutro tunnel, several belts of country which have 
been decomposed by solfataric action, although it is worthy of 
notice that none of these bands approach the Oomstock lode 
itself, which occurs at the junction of diorite and diabase at its 
outcrop, but intersects the diorite in depth. 
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In hia earlier report oq the Mount Morgan gold deposits, Mr. 
K, li. Jack, Goremment Geologist for Queensland, attributes bfae 
occurrence of gold at that place to deposition from a hot spring. 
The countiT in the immediate vicinity appears to be traversed 
by dykes of rbyolite, and there are coDsiderabte deposits of sili- 
ceous siater resembling in character the deposits of geysers. It is 
in association with these siliceous sinter deposits, as well as with 
brown and red hematite ores, which might justly be described 
as gossan, that the gold occurs. It is perfectly reasonable to 
believe that deposits of gold may be formed in this manner ; 
indeed geysers and hot springs generally afford the best illnstra- 
tions of many of the operations going on during the charging of 
reefs, and in isolated cases, such as Mount Moi^an, substances 
of economic value may well be introduced ; but it must be borne 
in mind that nearly all lodes which contain iron in any form, 
notably as iron pyrites, decompose near the sur&oe to form a 
porous kind of hwmatite which is known to miners as "gossan," 
and that this gossan will sometimes extend for a depth of 100 
feet to 160 feet from the surface before the true ore of the mine 
is met with. 

It is very questionable whether the theory of deposition from 
a hot spring is correct in the case of Mount Morgan, or whether 
the deposit is simply a lode which has opened to very large 
dimensions ; later developments appear to point to the deposit 
being nothing else than a lode. 

Gossans are due to the oxidation of ores containing iron, and 
all substances in a lode which oan be readily oxidised are so 
changed when exposed to the action of the weather above ground 
water-level. When copper pyrite, for instance, is present in the 
ore, the copper is changed to sulphate, which is carried away in 
solution, while the iron remains as a porous gossan. 

Noble metals, such as silver and gold, are rarely carried away 
in solution, but silver is frequently changed to a chloride. Alt 
silver mines afford illustrations of how tMs action has gone on. 

Bearing these points in mind, it will be evident that the 
character of a gossan will seldom afford any index of the true 
nature of the lode it covers. Generally speaking, lodes which 
have a good gossan on the surface are valuable in depth for one 
class of mineral or other ; and a gossan which has a snofly-brown 
colonr and great porosity may generally be looked apon as the 
beat indication. 

Traotoilng of Books. — Bearing in mind the nnmerouB 
movements of elevation or depression to which strata have been 
subjected since they were originally formed, and the dislocation 
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to which theae movementa have givea rise, it becoinea possible 
to investigate the origin and characters of metaliiferooB deposit 
occnrring in lodeB or fissures in the rocke. 

It will at once be apparent that when sedimentary strata in 
an unconsolidated condition are raised from the sea, tilted from 
one end, or even folded into a nnmber of anticlinal and synclinal 
curveB, they will still be in a sufficiently plastic condition to 
adapt themselves to any Iresh form which they have to assume. 
This is the reason why the you&ger sedimentary rocks seldom 
contain mineral reins unless they have bean b^ened rapidly 
by some local cause. On the other hand, where strata have, 
during the lapse of ages, become consolidated, and changed from 
mud, sand, or clay, to shale, sandstone, or slate, either in conse- 
quence of great pressure or chemical action ; or where they hare 
been further subjeoted to the process of metamorphism and thus 
assumed the characters of quartzites, schist, or gneiss, it will be 
evident that any further movements of the rocks must be 
attended by the formation of cracks or fissures trarersing them, 
because they are no longer sufficiently plastic to accommodate 
themselves to new forms without breaking. 

Any granitic upheaval, or intrusion of other crystalline rock, 
tilts the adjacent beds, and, if these are hard, forms a number of 
cracks or fissures in them, following a direction parallel to the 
line of upheaval. These cracks are of two kinds, viz., those 
which dip or underlay away from the line of elevation, and 
those which are inclined towards it. 

Bocks are of very different degrees of hardness, and, when 
broken, the line of fracture will vary in angle in the different 
beds. Prospectors hardly need to be told that this is the case, 
for they know from their own experience that difiTerent cloases 
of rock break very differently when struck with a spalling 
hammer; some have a clean straight fracture, others break with 
curved faces, and others split more readily in one direction than 
in any other. 

The varying angle of fracture in different classes of rocks haa 
been the primary cause of the opening of mineral veins or fissure 
lodes, as will be demonstrated shortly; but in the meantime the 
fact is of the greatest importance to be remembered. 

It ia seldom the case that the line of elevation is ezactl; 
parallel to the line of strike of the beds, since these have gener- 
ally, while in a plastic condition, been subjected to certain 
plications. Henoe, in by far the greater number of cases, lodes 
pass through several difierent belts of atrata; thus a lode, instead 
of being represented by a straight line on the surface, follows a 
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iinuOBE coune, which ia determined by the characters of tha 
rocka through which it paaaea. 

In investigating the history of the formatioD of lodes it may 
be auDmed that a granitic bosB has been forced upwards and haa 
tilted and fractured the rocks resting upon it ; and after this 
some settlement of the rocks haa again t&ken place before they 
assumed a stable condition. These movements are attended 
with results which may be illustrated by the following diagram : — 




Fig. 10. —Section. 

The upheaval forms cracks through the overlying strata from 
(a) to (6), these cracks dipping away from the line of elevation 
represented by the granitic Ixms ; a settling down of the beds 
results in a sliding of the rocks on the hanging wall side of the 
fissure over those on the footwall side of it. 

It has already been pointed out that the cracks do not 
traverse the various beds 




Fig, n.— Section, 



at a uniform angle, and ai . 
when a sliding takes place 
of one uneven surface on 
another, the resnlt will be 
that certain parts of the 
lode remain closed, whilst 
other parts are opened. 
This is shown in Fig. 11. 
Underground channels 
are thus opened which are 
subsequently filled with 
the various minerals form* 
ing lodes. 



The opening of fissures in this manner can easily be demon- 
strated by drawing an uneven tine on a piece of paper, tracing 
this line and allowing the tracing to move on the original. The 
result will be seen to be that the steeper parts of the lode are 
opened, while the flatter portions remain closed. 

The settling down of the granite boas gives rise to another 
series of cracks, which underlay towards the line of elevation (as 
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sbovn in the sketch), and these open in the same manner by the 
sliding of the hanging wall on the footwall in the granite area, 
the sedimentary rocks having by this time come to rest. 

Iiodes. — These movements are attended by the formation of 
a nnmber of intersecting lodes in the region of a (Fig. 11), where 
the two series of fissures meet; and many secondary lodea might 
also be formed having a less angle of inclination than the prin- 
cipal fractures; also, since these cracks must terminate at soma 
point or other, cross courses are produced having a direction 
nearly at right angles to the average strike of the true ree&. 
These croaa oonraea may be either barren or productive, as the 
conditions of the country are favonrable or not. The ultimate 
result of these movements is to form a number of underground 
galleries through which water can circulate freely, and these 
subterranean waters deposit the various minerals found in lodes. 

The sections (Fig. 12) show that, in a simple fissure, the 
steeper parts of the lode will remain open, the fiatter portions 
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Fig. 12.— Sections. 

being closed ; and that in the secondary fissures joining the main 
lodes the reverse will he the case, because the wedge-shaped block 
between the two fissures would be bat slightly displaced, while 
the block of country which formed the hanging wall of the 
main lode and the footwall of the secondary lode would slide on 
the footwall of the main fissure, and bence open the fiatter 
portions of the secondary fracture. 

There are many districts in which the cause of upheaval is not 
apparent, no boss of granite reaching the surface, and yet the 
characters of the reeb point to an origin such as described ; but 
there are many other localities, of which the Galgong Qoldfield, 
New South Wales, may be cited, where there have been other 
agents at work in the formation of reefs. At Gulgong the 
auriferous lodes are very closely related to dykes of diorito 
which penetrate the Silurian slates of the district, and the same 
may be said regarding many of the lodes of Western AustraliA. 
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These dykes have clearly liad something to do -wiib the origin of 
the lodes, and have, moreover, determined to a large extent 
their anriferoue character. They intersect the strata at various 
points and vary greatly in thickness; but where the strata are 
not penetrated by them the reefs do not appear to be auriferous, 
while the greater quantity of gold is in leaders traversing the 
diorites themselves. 

In districts which are traversed by dykes, another series of 
considerations cornea in. These dykes have been formed by the 
fracture of the strata from some cause or other, and the wedging 
asunder of the beds by fused rock under great pressure. As 
this rock cooled, a number of cracks would be formed from 
shrinkage, which would not necessarily follow any special direo- 
tion. At Gulgong the beds are traversed by a great number 
of flat-lying leaders, which, in many cases, die out entirely when 
they reach the junction of the intrusive rock with the sedi- 
mentary beds. It is more than probable that reefs which have 
no connection with these flat leaders, and were farmed contem- 
poraneously with the intrusion of the dykes, will yet be found 
traversing the adjoining slates. 

Lodes traverse strata which have been tilted at all angles, but 
are never continuous throughout their coarse in one particular 
bed. This leads us to the consideration of the distribution and 
extent of the rich parts of lodes. 

As lodes vary a great deal m size, from a few inches only to 
hundreds of feet in width, it is evident that the cavities which 
have since been filled in the larger lodes could not have been 
opened in one operation, and that they represent a series of 
consecutive movemenbj and fillings. There are also many cases 
where the hanging wall of a lode is well defined, and the foot- 
wall obscure, the mineral sometimes penetrating the country as 
veins, and at others replacing the rock itself. In cases like this, 
the iracturiiig appears to have shattered the adjoining rock so 
as to allow of the entry of the depositing solutions without 
being accompanied by any great movement. 

Distribation of Ore in Lodes. — It is apparent that when 
the angle of underlay of a lode conforms more or less closely to 
the dip of the strata which it intersects, the character of the 
lode in depth will be more uniform than when it intersects a 
number of different belts of rock ; because the angle of the One 
of fracture will be uniform over greater areas. Even, however, 
in cases of this sort, sufficient differences in the physical ooa< 
ditions of the rock will exist to make the fracture more or less 
irregular, and so there will be portions of the lode which ore 
wider than others. 
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When, on the other hand, the etrike of a lode corresponds 
oyer long distanoeB with the strike of the str&ta, but the lode 
anderlajB at a steeper angle, and thus intersects a nnmher of 
different bands in depth, constant changes in yalne wiW be found 
in sinking, but more or less uniformity horizontally ; this con- 
stitutes the difference between lodes in which the ore occurs in 
shoots, and those in which it is chiefly found in flats or courses. 
When a lode which is underlaying at a steep angle also crosses 
the strike of flat-lying strata, it will intersect a number of 
different rocks, both along its course, and also in depth; and 
the ore will be distributed either in bunches, which have a very 
limited extension in every direction, or in very flat dipping 
shoots. As the course of the lode varies so as to more closely 
assimilate to the strike of the rooks, the horizontal extension of 
these bunches increases ; while, as the strike of the lode ap- 
proaches a direction at right angles to the bedding of the strata, 
the deposits occur in shoots, which dip steeper and steeper in 
the re^B as their direction more nearly approaches a right-angle 
to the bedding of the strata. 

The following sketch plans are designed to illustrate the 
manner In which shoots of ore dip in lodes under different 
conditions, but the best idea can be sained by making a model 
and cutting sections through it in various directions. 




Plan. Plan, 

o, Dip of country ; b. Underlay ot lode ; c. Dip ot al 
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In the foregoing il lustrations, when the dip of tho country 
increases, tbe shoots of ore more nearly approach the vertical ; 
and when strata standing on end are intersected by a vertical 
reef at right angles to the coarse of the beds the shoots of ora 
are Tertical, and practically occnr as pipes or columns of ore. 

It will be seen, then, that the character of the rock or country 
exerts a very great influence on the behaviour of lodes and on 
the distribution of the rich parts ; this has been proved, beyond 
doubt, to be the case in every district which has been carefully 
studied. Every prospector is acquainted with the term "kindly 
ground," which Is used to designate those belts of rock which 
are favourable for the occurrence of mineral deposits ; but the 
characters of these belts vary greatly in different districts, and 
their local characters must be determined in each district which' 
we may be called upon to examine. 

As a general rule, those rocks which are moderately hard 
appear to be the most favourable for the occurrence of ore, 
because they possess sufficient coherence to remain open when 
they have been fractured, and do not offer too great a resistance 
to fracture in the first instance. The softer rocks, such aa 
shales, seldom carry valuable deposits ; because the fissures 
formed are not likely to remain open as channels, but are 
quickly filled with fallen matter from the hanging waU, 

The foregoing remarks give some idea of the manner in which 
the various lodes have been originally formed by fraotnres in 
the rocks, how these cracks have been opened by the action of 
gravity so as to form underground galleries through which 
water could circulate freely ; and a study of the lodes themselves 
furnisbes fresh confirmation of the facts that have been stated. 
It is found in many cases that the walls of lodes have been 
smoothed, polished, and striated by the sliding of one rough 
irregular surface on the other, and the direction of the striations 
shows the direction in which this sliding action took place. 
Where rocks are not sulScieutly hard to preserve the striations 
or " slickensides," a thin clayey parting or " flucao," separating 
the lode from its walls, is frequently found, which, it can hardly 
be doubted, has been formed oy the grinding of the rocks. The 
walls of lodes, for some little distance on either side, are also, in 
many instances, somewhat shattered by the movement which has 
taken place ; and, at times, as for instance in the Alburnia mine 
in New Zealand, this change has been bo marked as to give rise 
to the supposition that the rock alongside the lode was dif- 
ferent to that a short distance away; and that the bedding 
of the country corresponded with the underlay of the lodes 
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themselves instead of intersecting them at a flat angle, aa ia 
really the case. 

A study of reefs will also convince na that they have been 
deposited by the ^ency of water, for in many caaes the mineral 
is arranged in a series of bands or zones parallel to either vail. 
In manycasea also the iralls have been altered by chemical means, 
eometimes for great distances from the lodes themselves ; thus, 
in tin districts, the granite is often decomposed or kaolinised by 
the action of percolating water; while, in other localities, the 
valla are sometimes hardened by silicification of the rocks. 

Ko lode has ever been formed by the intrusion of qnartz in a 
fused condition. A very few moments' consideration will con- 
vince the practical prospector that this is the case, for quartz is 
one of the most infusible substances known ; so infosibte, in fact, 
that in many of the volcanic rocka, in which free quartz occurs, 
no doubt can exist that the crystals were formed in the internal 
laboratories of the earth and floated to the surface in the molten 
magma, a fact which is borne out by a microscopic examination 
of the rocks, when the linea of flow can be traced around the 
crystala Quartz, then, being of so infusible a nature, would, 
if it had been inti-uded in a molten condition, have been sufii- 
ciently hot to melt the more readily fusible rocks through which 
it passed, and any theory founded upon the supposition of filling 
from below by the agency of heat is neceasarUy wrong, as the 
walla of lodes never show any evidenoe of having been subjected 
to a heat sufGciently intense to fose them. 

Studying lodes, then, as simple fissures, the conclusion is 
arrived at that the average underlay of a lode does not in any way 
determine its ore-bearing properties ; but that, even in the same 
district, lodes may be vertical or lie in an almost horizontal 
position and yet be equally productive ; bat the auocessive in- 
clinations of the different parts of lodes are of the greatest im- 
portance in determining the diatribntion of the rich parts. As a 
general rule, the steeper parts of lodes are the richest, although 
this is not an invariable rule ; the reverse being often the case 
when hanging wall leaders make junction with a main lode. 

There are many other points, however, to be considered con- 
ceming the diatribution of the rich parts of lodes. It will be 
remembered that lodea follow a sinuous course along the surface 
or along any level in a mine, and so the rich parts will be un- 
equally distributed along a horizontal line. This irregular 
distribution also depends upon the different rocka through 
which the lode passes along its course, and sinoe it is generally 
found that the richer parts are those in which the lode corre- 
sponds in direction most neiurly to the line of elevation, this 
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distribation of the rich parts in the upper levels of & mine will 
frequently serve as a guide bj whicli to determine ttie "kindly 
country" of any particular district ; and a geological examina- 
tion of the district will afford data by which it may be inferred 
in what direction the shoots of ore dip in the lode itseli 

Observations have hitherto been conGned to a single fiaaore 
produced by a single upheaval or movement, but single fissures 
or lodes are of most unusual occurrence, and it is notorious that 
where thsy do occur they very seldom contain a auf&cient quan- 
tity of valuable mineral to pay for extraction. As a rule, the 
force which has produced one vein has also produced a series of 
others parallel to it ; and it is a noteworthy fact that where the 
behaviour of one of these has been determined, the behaviour of 
the others and the distribution of the rich parts can generally 
be predicted with some precision from a consideration of the 
conditions enumerated. 

In the more known and better opened mining districts, such 
as Oornwall and Freiberg, it has been shown that several suc- 
cessive series of lodes have been formed by tiltings of the strata 
from different points; and that the lodes following particular 
conrses are generally characterised by special minerals ; but the 
less known mineral districts have not yet been sufficiently studied 
to state these facts authoritatively. 

These upheavals of the strata along different lines have not 
only opened a series of fresh reefs each time — the younger ones 
intersecting those which have been previonely formed — but in 
not a few cases, the later movements have re-opened some of the 
old reefs in an irregular manner, and so some of the accessory 
deposits have been formed, which are frequently so difficult to 
account for, bat which are met with in lodes from time to time, 
apparently defying all attempts to explain their origin or to 
predict their extent. 

Bicb deposits in lodes are alBO cut off abruptly at places by 
slides or faults, but these and the means to be adopted for the 
recovery of lodes will he studied in Chapter VIII. 

It will be seen from the explanation which has already been 
given concerning the origin of the fissures which have since been 
filled with different minerals, that all true fissure reefs must 
necessarily thin out and widen a great number of times between 
their outcrops and that point in depth at which the difficulties 
of working exceed the value of the mineral, for no true fissure 
vein has yet been proved to die out entirely in depth. 

It is stated by many authors that another series of veins, 
known as "gash veins,' does exist; but their occurrence is of a 
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very doubtful nature. They are variously described aa "lenticu- 
lar cavities," " veins confined to one formation," Jcc., -without 
regard to their mode of origin, and bo include several clasaes of 
deposit which should be otherwise classified. Oasb veins, if they 
do exist, may be regarded as lodes formed by the folding of 
strata after consolidation ; those occupying the anticlines being 
necessarily wide towards the surface and narrower as they 
descend ; whilst those occurring in synclines would widen in 
depth until the next underlying formation was reached, when 
they would cut out. It is possible that the saddle reefs of 
Victoria (which will be described in the chapter on Gold) might 
belong to this class of deposits, hut by far the greater number of 
the so-called " gash veins " belong to one or other of the irregular 
deposits to be presently described. When a true lode appears to 
pinch out, it will inevitably widen again lower down ; and when 
it is out off by a slide, it may be found again heaved for a greater 
or less distance either to the right or left. What the prospector 
or miner has to decide is whether it is worth his while to spend 
the time and money necessary to again recover a lode that hu 
been lost. 



CHAPTER VII. 

IBBEOULAR DEPOSITS. 

A GREAT number of the repositories in which minerals occur 
come under one or other of the divisions which are classed aa 
irregular deposits, and, in some cases, they are of very great im- 
portance. Their irrognlarity, however, makes the extent of the 
ore even more uncertain than in lodes, such as have been 
described in the preceding chapter, and no rules can be enunci- 
ated which afford any guide as to their distribution. In certain 
cases huge deposits of ore are found which yield vast quantities 
of mineral; in others, a little ore occurs in bunches, always 
inducing further prospecting, but not always leading to deposits 
of sufficient extent and value to repay the cost of exploratory 
workings. These irregular deposits are, in fact, of the moat 
speculative nature, and, while they at times result in the ao- 
cumnlation of large fortunes, they as often, or perhaps mors 
frequently, only lead one to expend money on prospecting which 
is never repaid. It is unfortunately the case ttiat no one, how- 
ever experienced, can say with any certainty whether it ia 
judicious to continue prospecting work on a particular deposit or 
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to abandon it, for, when the ore is poor and of amall extent, a few 
feet driTsn may completely change the anpect of afiaira and 
render a mine which had no enoonraging features one which has 
a very considerable prospective value. 

These irregular deposits may be subdivided as follows : — 



3. LenticnUr aggregations. 

4. Irregalni nutwes. 

5. Contaot depoaita. 
S. Cave deposit!. 

A description of the conditions of each of tbese will be given 
in this chapter, with some illustrationa of their occurrence. 

ImpregnBtionB. — It will be remembered that in the chapter 
on stratified deposits some instances h&ve been given ot the 
impregnation of beds by copper, lead, and gold, in which 
somewhat constant characters prevail over wide areas ; but there 
are also rooks, frequently of igneous origin, which are impreg- 
nated with mineral in a most irregular manner, and which, at 
times, have been worked to considerable advantage. The cause 
of these impregnations ia not always, or indeed often, easy to 
find, but frequently a joint in the rocks, looking like a wall of a 
lode (sometimes with a thin vein of quartz, calcite, or barytes) 
forms an indicator vein, and the impregnated rock lies on one or 
other side of this indicator, and occasionallj the rock is impreg- 
nated with mineral on both sides of it The distance to which 
this impregnation extends from the indicator ia very various, and 
when cross cnt may prove to be only a foot or two wide in places 
and at others to extend for a hundred feet or more. 

Frobably the best illustration that can be found of this class 
of deposit is in the mines of the Calico District, near Lob 
Angeles, in Southern California, the rock of which district ia 
andesite. The nature of the rock varies a good deal in different 
parts of the range of hiUs which rises from the edge of the 
Mohave Desert; but they are almost devoid of vegetation, and 
have weathered in large patches of iron red, pink, and green, 
thuB affording a most curious patchwork appearance when seen 
from a distance, and one which would inevitably attract attention. 

These rocks are traversed by veins, such as are described, and 
are impregnated with chloride of silver in a very irregular 
manner, but over a very wide extent. The ore is of a free 
milling oharacter, and is worked by battery and pan amalgama- 
tion, the Boss continuous system being adopted. The deposits 
have been sufficiently rich at times to give rise to much litigation 
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betveen the respective companies which have been working 
them ; but, taken on an average of the good and bad worked, 
they have yielded about 10 oz. of silver per ton of ore. 

In some cases huge chambers, which can only be likened to 
caves of the largest type, have been excavated, the whole of the 
rock thns broken having been crushed and the silver extracted ; 
while in other parts of the mines, drives many hundreds of feet 
in length, have failed to develop any ore that is of sufficient 
value to pay for extraction. It will be evident that mines 
of this class require the most constant care in sampling and 
assaying, and a rough system of testing whether the rock carries 
silver is practised in the mines, while regular assays are mode 
day by day of all ore that shows sufficient indications to these 
rough tests. 

Very closely related to these are the so-called fahlbands of 
Kongsberg, Snaram, and Skutterud in Norway, which are 
regarded as impregnations by von Cotta. 

They are described by J. A. Phillips as " parallel belts of rock 
of considerable width and extent impregnated with sulphides of 
iron, copper, and zinc, and somBtimes also with those of lead, 
cobalt, and silver." The fahlbands of Kongsberg are worked 
for silver, and are about 1,000 feet thick ; but it is only in a few 
localities where they are sufficiently rich to pay for working. 
They are traversed by veins which are unremunerative in the 
gneiss and schists, but become highly argentiferous in passing 
ttirough the fahlbands or grey beds, which exert the same iodu- 
ence on the veins traversing them as the ordinary "kindly 
country " does upon reefs or lodes in general, so that, in reality, 
these fahlbands hardly deserve to be considered as an inde- 
pendent class of deposits. 

The cobalt deposits of Snamm and Skutterud also occur in 
&hlbands which are sometimes rich enough to pay for working, 
but these, nnlike those of Kongsber^ are not traversed by 
mineral veins, and so would be more properly considered as 
imprepiationa. 

In Western Australia there are decomposed rocks of consider- 
able width which carry a little gold, but none have been found 
up to the preaent which will repay the cost of working. The 
occurrence of gold in this country in lodes in which the gangue 
is not pure quartz, but a ferruginous material containing, how- 
ever, a large proportion of silica, appears to have led prospectors 
to think that every decomposed rock met with was of the same 
nature; and they have accordingly named these decomposed 
rooks "lode formation." 
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A coQBiderable amoont of work has been expended on these 
ao-called "lode formatiooB" without, however, demonatrating 
the fact that any of them are payable; while the lodes them- 
selTeB, which these deposits are aupposed to resemble, are the 
richest gold producers yet found in the colony. 

Betioulated Teina (Stockworks). — In some districts certain 
belts of rock are traversed by a great number of small veins 
which intersect the country in all directions, forming a perfect 
network. Where these veins contain any mineral whidi is of 
economic value, the whole of the rock is crushed for the mineral 
which it contains. Where reticulated veins occur, the country 
rock itself is generally impregnated with the mineral aa well; 
and, in some cases, the impregnation has no doubt been brought 
about by the infiltration of the mineral waters which charged 
the veins ; while, in other oases, the rock was impregnated first, 
and the veins derived their mineral from the rook. 

Deposits of this sort are called Stookworka. Tinstone ia 
fi:«queutly found under these conditions both in Cornwall and 
Germany. Gold oocurs under similar conditions at the Thames, 
ITew Zealand, as was seen when a portion of the spur on the 
Caledonian mine was crushed ; and in many other mines a good 
deal of country rook is crushed when small veins traverse it. 

Deposits of this class are of sufficient importance to merit 
some attention, and it should be borne in mind that when a 
number of small veins of mineral occur comparatively near 
together, which would not pay to work individually, it may be 
quite worth while to treat the deposit as a whole. 

Lenticular Aggregations. — Certain minerals, notably iron- 
stones and manganese, are found occurring in masses which very 
frequently coincide with the bedding of the rock, but which thin 
out in all directions. They have probably been deposited during 
the formation of the rocks themselves, and are exceedingly 
capricious as regards their extent and mode of oocurrenoe ; for 
when one deposit has been worked out no guarantee whatever 
exists that any more ore will be found in the district. These 
lenticular aggregations vary in size from small patches only a 
few inches across, up to masses of many thousands of tons. 

Where minerals occur under these conditions, they have 
probably been precipitated from solution, in inland waters, by 
decomposing organic matter, such as wood or the leaves of trees, 
both of which are frequently found fossilised in beds of ironstone. 
The deposits of iron ore being formed in some of the Norwegian 
lakes are worked by tbe peasants of the district daring tha 
winter months by breaking the ice and dredging out the ore. 
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Irregular HaSBes include a greaC aamber of depoaits, some 
of which are intimately associated with true fissure lodes, of 
vhich they appear to be offshoots; whilst others do not seem to 
be in any way connected with veins, although they have probably 
been formed in the same way as fissure lodes; others agaia are 
nothing more than shrinkage cracks produced during the cooling 
down of the eruptive rocks in whidi they occur. It may fre- 
quently be noticed in working a lode that a small vein of ore or 
gangue goes off either from the hanging or footwall, and when 
this vein, which is sometimes leas than a quarter of an inch 
thick, is followed, it opens out to a large mass of ore which is 
only connected with the lode by the small leader (Fig. 15). 

Such deposits as these 
have been of frequent occur- 
rence in Cornwall, both in 
copper and tin mines. They 
are known aa oarbonaB, are 
at times of oonaiderable size, 
and contain very rich de- 
posits of ore, They would V 
appear to be offshoots from . 

the lodes, which have been ^ 
filled by the waters which 
charged the lodes them- ^ 
selves; but chemical action Fig, 15. — Sactioo. 

has been set up in these 
cavities, and the precipitation of the mineral brought about. 

Mining has been carried on in enormous metasomatic masses 
formed by the rock being dissolved away and replaced by ore 
deposits laid down by water cnrrents traversing (a) fault 
channels, (&) intrusive dyke channels, or (c) channels opened up 
by the shattering of the rook. 

Very closely related to carbonas in point of origin are the so- 
called tin floors which were formerly of very frequent occurrence 
in Cornwall, but which of late years appear to have been worked 
oat. These floors are intimately connected with the lodes, but are 
generally richer than the lodes themselves ; indeed, in many cases 
where the lodes are absolutely barren, the floors have been very 
rich. They consist of flats of ore corresponding with certain beds 
of the strata, and die out at varying distances from the line of reef. 

Fig, 16 will illustrate this class of deposit. 

In a few isolated instances, notably at the Park of Mines, near 
St. Oolumb, Cornwall, these floors have proved the principal 
ore-bearing deposits of the mine; but, instead of lying fiat in. 
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this particular iostance, they are tilUd at high ansles, running 
like east and west lodes ; for which they might be mietaken, 
except for the fact that they pinch out entirely at a short distance 
from the main north and south leaders, which are themselves 
onW an inch or two thick. 

It will be evident that deposits of this sort must have been 
filled by the waters which traversed the reels ; these floors, 
however, have not been 
formed as cracks in the 
rock, but are planes along 
which segregation has 
taken place from the coun- 
try under the influence of 
the mineralised water in 
the ree£ 

A study of the rocks in 
which these floors occur 
will afford evidence of their 
origin and the case of the 
Park of Mines, quoted 
above, is most conclusive. 
Fig. 16.— Section.— a. Lode ; b. Floors. The rock at this mine is 
elayslate or "killas," and wherever the tin floors are found the 
rock has been decomposed for some distance from the tinstone, 
and, the iron in the "killas" becoming peroxidised, the rock is 
coloured bright red. This is so marked a feature that when, in 
driving along the north and south leader, the country beipns to 
assume a reddish tinge, it is a certain indication that tinstone 
will shortly be met with ; and in working the tin floors any 
change in the colour of the rock is a sure sign that the end of 
the ore deposit is beii^ reached. 

Flats of ore are of quite a different character. They bx« 
found corresponding with the planes of bedding in sedimentary 
rooks, and closely resemble stratified rocks, for which they might 
readily be mistaken. When these flats, however, are driven on 
they are found not to thin out in the way lenticular deposits do, 
but to terminate in a vein which traverses the next belt of 
country, and will, if followed, generally lead to another flat in a 
different bed. 

The character of these deposits will be best illustrated by a 
sketch (Fig. 17). They would appear to owe their origin to 
similar causes to those which have formed true fissure reefs, the 
lines of least resistance, however, having followed the bedding 
planes at places. It is not improbable that the cavities thus 
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produced have been enlarged by chemical action, especially where 
these flats occur in limestone country. 

The last class of deposits which comes under this group is 
known as sesresated veina. These are confined chiefly to 
igneous and metamorphic rocks, which, in cooling or drying, 
have shrunk and formed 
cavities in their interior ; 
these are at times lenti- 
cular in shape, at others 
nearly spherical, and yet 
again of very insular 
form. They must be clear- 
ly separated &om true fis- 
sure veins or lodes; firstly, 
because they are limited 
in extent, and, secondly, 
because it is by no means 
necessary for any move- _,. ,_ „ ^ 

ment to have taken place ^'«- "-8e<*°n. 

in order to open these cavities. There is also considerable 
difference between the way in which true lodes and these veins 
of segregation have been filled, which may best be illustrated 
by a description of some of the segregated veins of pegmatite 
which occur in granite. 

These veins of pegmatite have the same composition as granite 
itself, but consist of much larger crystals, large sheets of mica 
frequently occurring as well as oryat^ of felspar of considerable 
size. These veins are not divided from the enclosing rock by 
distinct walls, but the crystals of the pwmatite vein frequently 
penetrate into the enclosing granite. The large crystals have 
been slowly formed by a recry stall isation of the constituents 
of the granite after the crack was formed, and a vein of pegmatite 
afibrds a good illustration of the way in which metallic minerals 
are segregated in these veins. It will be seen at once that in 
segregated veins only such minerals can be looked for as are 
present in the enclosing rock in greater or less quantity; 
whereas the minerals in fissure lodes may have been carried in 
solution for some distance. Tery valuable information con- 
coming the nature of the rock may frequenUy he derived from 
a study of these veins of segregation. 

Contaot DepoaitB consist of accumalations of mineral along 
lines of junction of two dissimilar rocks which are sometimes 
of very aiflerent age. In the greater number of cases contact 
deposits are found at the junction of eruptive and sedimentary 



112 PROSPECTIKO FOR MIHBBALS. 

rocki, or between two aeries of eruptive rocks ; while they also, 
at times, occur at the junction of limestone with other stratified 
deposits. Where eruptive rooks form one of the walls of the 
deposit, the intruding rock appears to have left cavities which 
have snbaequently been filled with mineral ; and, &om the 
nature of their oconrrence, it will be evident the deposits of ore 
must necessarily be of a very irregular character. 

The cavities do not always occur absolutely at the junction 
of the two rocks, but may be found at a short distance away on 
either side of the line of junction ; hence, in prospecting, while 
it is necessary to drive along the line of junction, short cross- 
cuta at intervals, on either side, are necessary to prove the 
existence of ore. The remarkable deposits of copper at Monte 
Catini in Tuscany belong to this class, and are chiefly associated 
with serpentine ; and the celebrated Oomstock lode was at one 
time considered to be a contact deposit ; but in its tower levels 
it passes from one rock to another, so that it ia now regarded 
as a true fissure vein. It is difficult, however, to understand how 
a lode from 100 to 200 feet in width could have been opened by 
the sliding of the hanging wall on the foot wall, unless by 
successive movements which opened the fissure from time t^ 
time. 

An instance of the occurrence of copper ore at the junction 
of limestone and elate may be mentioned in the Merces mine in 
Portugal, where the ore 
is very rich, contuning as 
much as 30 per cent of 
copper and up to 3 ozs. of 
gold per ton ; but the de- 
posits have hitherto been 
very irregular and send oflf 
shoots into the limestone 
in the upper levels of the 
mine, and also calcareous 
veins carrying ore which 
intersect the slate. 

The adjoining sketch 
Fig. 18.-S«tioii. aertion of this deposit will 

be of interest as showing how one class of deposit may merge 
into another (Fig. 18). 

The filling of these cavities has in some cases taken place 
by a segregation of the mineral from one or other of the enclos- 
ing rocks; but in other localities the waters carrying the mineral 
in solntion may have come ftom a considerable distance. 
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Nameronfl other instances of contact deposits might be cited, 
but it is nnnecBSSary to give further illustrations. 

Cave Deposits include all those deposits of mineral vhich an 
found in irregular- shaped masses in limestone, and they might be 
subdivided into chambers or pockets, flats or sheets, and pipe 
veins. An examination of any of the numerous caves, which 
occur wherever beds of limestone are found, will give some idea 
both of the irregularity of the deposits and the way in which 
the cavities have been formed. 

All caves in limestone have been dissolved out by the action 
of water charged with carbonic acid, but the direction of the 
drainage of this water is originally determined by the fracture 
of the rocks, and, in many cases, the size of the cavities has 
been, greatly increased by mechanical degradation when, as is 
often the case, rivers have been diverted and Sow through 
these caves for a greater or less distance. There is a river 
which, flowing into a limestone cave at Trieste, again comes to 
the surfiice 10 miles away, having followed a subterranean course 
for that distance. The Takaka River, in New Zealand, is dry 
during the summer months for some miles of its course, the 
water of its upper reaches once more comii^ to the surface 
a few miles from the sea in the remarkable Waikaremumu 
(bubbling water) springs, whence it issues in great volume. 

Oaves are extremely irregular in form ; sometimes they open 
out into huge chambers, several of which are frequently joined 
one to the other by small passages through which a man can 
hardly crawl. It is not unusual to find holes in the floor down 
which streams of water pour to unfathomable depths ; while in 
others, if a atone be dropped it can be heard striking first on 
one side and then the other until at last the sound is lost. 

These different cavities afford illustrations of the various 
mineral deposits in limestone, and show how extremely irregular 
they are. The formation of the cares by solution and the deposi- 
tion of the ores in the spaces hare sometimes been successive and 
sometimes concurrent actions. The chambers in which stalao- 
tites and stalagmites are generally found correspond to the so- 
called chamber deposits and pockets, and the holes Just described 
afford illustrations of the so-called pipe veins of galena, so 
largely worked in the carboniferous limestone of Derbyshire. 

Lead ores are of moat frequent occurrence in these care 
deposits; but at Alston Moor, in Cumberland, luematite and 
calamine have also been found under similar conditions, and 
calamine is worked at Laurium, in Greece, in cave deposits in 
limestone. Gold and silver, associated with metallic sulphides, 
hare olio been found in care deposits in limestone at the Eureka, 
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OonBola, and Richmond Mines, Nevada, and at the Flagnlaff 
Kesaler Cave in Utah. Carbonate of manganese has also been 
worked under similar conditions at Laa Cabeasea, in France, this 
being an almost nniqne instance of the occurrence of this 
mineral in workable quantities. 

Borne authors include the«e cave deposits under the term of 
"gash Teins"; bat the olaasification is evidently incorrect, 
because the first cause of the formation of cave deposits may be 
due to movement just as well as fracture, and in some cases cave 
deposits change to tme fissnre lodes in depths when the lime- 
stone beds are passed through. 

The foregoing brief description of irregular deposits will be 
sufficient to indicate the general conditions under which minerals 
of commercial value may occur other than those which prevail in 
true lodes; but it must be borne in mind that, while the divisions 
are made, no hard and fast line should be drawn between them, 
for contact deposits or cave deposits may pass into true fissure 
veins, and many of the other deposits are frequently associated 
with lodes of which they are offshoots, thus the description given 
can only be taken as a guide for the assistance of prospectors in 
following up what sar&oe indications they may find. 



CHAPTER VIIL 



EtsrERRiirG to Chapter YI., it will be found that lodes traverse 
the country in many different directions, and that, in districts 
which have been carefully studied, those lodes which follow 
different courses are, as a rule, characterised by special minerals. 

It is seldom the case, where more than one system of lodes 
occur in a district, that the same upheaval which produced one 
of these systems was instrumental in fracturing the rock in 
other directions. The lodes are generally described as riEht 
rtumiog lodea, oross couTBes, and oaimter lodes ; the first 
term being appUed to the main lodes of the district, whatever 
their direction; while the cross courses are those which run 
nearly at right angles to them, and the caunter lodes in any 
other direction. 

Faulting of IiOdes. — It will be evident, where each of these 
systems have been caused by upheavals along different lines, 
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that these npheaTala must have taken place at successive times, 
and the systems of reefii will be of different ases ; also that the 
alder systems will be dislocated and, perhaps, displaced by those 
of later date. 

This being the case, in order to follow the rich parts of the 
lodes with the least amoijut of dead work, ^ study must be 
made of the geological structure of the district in order to find 
which ia the oldest system of lodes and hov they have been 
dislocated, so that the displacements which have taken place ia 
those lodes which have been intersected by the younger ones 
m^ be investigated. 

In order to ctearly explain these displacements it will be well 
to revert for a moment to the formation of lodes. It is known 
that, in the majority of cases, these are formed by fractures of 
the strata which are more or less nearly parallel to the lines 
along which elevation has taken place. Under these circum- 
stances, where several systems of lodes occur in a district, they 
must have been formed I»r successive elevations of the conntry 
along different lines, and the later formed cracks or fissures 
would intersect those which had been already made. If, then, 
a district has been subjected to many such movements, the reefs 
occurring may present a complete network, and the work of 
tracing them may be somewhat complex. 

It may be accepted, as a rule, that true fissure lodes are never 
opened so as to form underground drainage channels without a 
certain amount of movement taking place ; without, in fact, the 
occurrence of a feult with a greater or less throw — in other 
words, the formation of a lode necessarily displaces the strata 
through which the lode passes. 

Bearing this in mind, it is evident that when rocks are tra- 
versed by a fissure lode the beds on one side of the lode will 
stand at a higher level than those on the other side ; and, 
necessarily, if the country be again &ulted along lines which are 
not parallel to the former lodes, that, in addition to the bed 
rock being displaced, the reefs which were already formed will 
be subject to the same movements ; hence we may always be 
certain that any lode which intersects or displaces another ia the 
younger of the two. 

Belative Age of Faulting, — Having carefully studied these 
peculiarities of the lodes (and the information required can 
generally be obtained at ao early period in the history of a 
mining district), it ia possible to trace with accuracy the order 
of events in the formation of the lodes, and to decide, ibr 
instamie, if the KW. lodes displace those striking N.S., or 
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are themBelves displaced ; and if the H.E. or N.W, lodea are 
the oldest or youngest on the field, or are of intermediate age, 
interseotiiig one ayHtem aod being cut themBelves by the other. 
Some opinion can thus be formed as to whether the lodes being 
■worked are likely to be &ulted, or will run as master lodes 
through the district. These main considsrations being settled 
for any particular locality, a study mast next be made of the 
r«sults which accme in the various lodea, and an endeavour made 
to lay down laws which will serve as a guide in searching for 
those lodes which have been cut off by slides or younger inter- 
secting lodes. In order to clearly understand the matter, it 
will be better to illustrate the various cases with a diagram 
(Fig. 19) :- 



In the foregoing section beds (a) and (e) (which are shown 
as approximately horizontal, or with only a slight dip) are 
traversed by reefs (6), (c), (d) which strike and underlay in 
different directions ; these have been dislocated by a f^ult 
Several most important features are illustrated by this section. 

In the ,/$raf place, it will be seen that where a fablt traverses 
horizontally-bedded strata, the beds on the hanging wall side of 
the fault occupy a lower horizon than those on Uie footwall sid& 
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Secondly, that the movement tabes place in the direction of 

the dip of the fault. 

Tk&dlj/, when reefa traversing the strata are dislocated by a. 
fault it iB eeldom the case that the dislocated lode dips in. such' 
a direction that, being faulted, will make no apparent difference 
between the course of the reef on the hanging and footwall aides 
of the fault. In the majority of cases the dislocated lode will 
appear to have been subjected to a side movement, as well as an 
up and down one, this apparent lateral movement being called 
a " heave " by miners. Jjie diagram will illustrate sufficiently 
how it is that the reefs appear to be heaved, when they have in 
reality been only faulted ; but it is necessary to point out that 
these apparent heaves are sometimes to the right hand and 
sometimes to the left, and also may be either in the direction of 
the greater or lesser angle formed by the intersection of the reef 
and fault. When a elide is intersected in driving along a lode, 
some laws will be necessary to determine — JWttly, in which direc- 
tion to search for the lode which has been cut off; and seamdlj/, 
the probable distance that will have to be driven in order to 
intersect the lost lode. The first of these questions can be 
settled in the majority of cases by a rule which will be given by 
and by ; the latter involves a very accurate knowledge of the 
geology of the district. 

In arriving at a conclusion in the first case, when it is simply 
desired to know the direction in which to drive for the recovery 
of the lode, it must be clearly borne in mind that, as already 
pointed out several times, a slide, cross-course, or lode which 
intersects the reef that is being worked is, mechanically, nothing 
more than a fault. This cross-course may be an ore-bearing lode 
on the one hand, or it may be nothing more than a fissure in the 
rooks filled with clay, or sometimes it may even be an open 
watercourse. In any case, however, it is a fault, and in the 
greater number of cases the hanging wall portion of the country 
wili have slid downwards upon the footwall portion. As already 
■hown, in describing the section (p, 116), where a fault inter- 
sects rearing seams of coal, or reefs standing at a high angle, 
there will be an apparent lateral heave in one direction or the 
other. 

Iiaw regulating Bireotion of He&Tea. — In the early days 
of mining these heaves were noticed, and the miners of 300 
years ago observed that in the majority of instances where a lode 
was intersected by a cross-course the heave took place in the 
direction of the greater angle. In other words, if a drive was 
being made along the course ot a lode, and a fault was inter- 



118 FBOBPBCTING FOB UIITKBALB. 

Mcted, SB in the following Bketch plan, the lode would generally 
be heaved from a to a', or in the direction of the greater angle, 
«, It was further known that when it could onee he determined 
in which direction the lodes of a district were heaved by any 
aeries of crOBS-couraes, the 
law might generally be 
applied to the district in 
qoestion. Thus, for in- 
stance, if it was fonnd that' 
the lodes were generally 
heaved to the right hand 
when they met a cross- 
course, it would be said 
that the district waa one of 
right-hand heaves. Both 
of these rules are applicable in a greater or less degree, bat th^- 
have been very thoroughly tested in Cornwall by Mr. Henwood, 
who has catalogued all the peculiarities of the more important 
lodes there. 

He states that out of 233 intersections of lodes examined, 63, 
or 22'7 per cent., were not heaved at all; while of the remainder, 
150 were heaved in the direction of the greater angle, and 30 in 
the direction of the lesser angle, 119 being right-hand, and 60 
left-hand heaves. 

Of those lodes, then, which are heaved by intersecting cross- 
ooursea in Cornwall, the following percentages represent their 
respective directions i — 




Fig. SO,— Plan. 



Heaved to the right hand, . 



Heaved in direction of ereater angle, 



1000 



It is perfectly evident, then, that these percentages do not 
afford a satisfactory rule, even in Cornwall where they have 
been studied, since they only give an approximate notion of the 
direction in which the heave has taken place. In order to give 
a definite law for the recovery of lost lodes a rule was devised 
by Schmidt and Zimmerman, with the result that when applied 
to the Cornish lodes it was found to be correct in forty-nine 
cases out of fifty. 



STNAHtCS or LODES. 
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Bohmidt'fl Iaw. — To apply Schmidt's law it is neoeasary to 
know accurately what is the strike and acderlay of both the 
lode and croscKX>urse ; this can best be determmed by actual 
Burrey in the mine where two levels have been opened; bat 
where this is not the case the average strike of the reef and 
cross-courEe can only be taken in the level being driven, the 
underlay being determined by the plamb bob or clinometer. 

Having, however, arrived, by the best means available, at the 
true strike and nnderlay of the reef and cross-course, it is next 
necessary to show these on a plan, the object being to delineate 
the points of intersec- 
tion of the lode and 
crossHX)urae at two dif- 
ferent levels in the 
mine, and thus obtain 
the line of intersection 
of these two between 
the different levels. It 
will be better here E^ain 
to illoatrate the method 
with a dit^ram. 

It will be seen &om 
this diagram (Fig. 21) 
that by means of a sur- 
vey the exact position of the intersection of the lode and oross- 
conrae can be determined at the different levels, and the line of 
intersection can thus be delineated on plan as shown. Where, 
however, the mine has not been opened out on sncceasive levels 
the course of the lode and _ „ 

cross-course can only be 
taken at the one level to 
which access can be had 

By means, however, of 
a clinometer and compass 
the angle and direction of 
underlay, both of the reef 
and cross-course, can be 
taken. In the illustration 




Fig. 21.— PUn. 




Fig. 22. -Plan. 



(Fig. 22) let it be supposed that the lode is underlaying in the 
direction indicated by the arrow at an angle of 45* from the 
horizontal, and the cross-course at an angle of 60*. 

If, then, any vertical distance is assumed as between the lines 
ab,cd (Kg. 23), and the underlay of the reef and orosa-courae 
be drawn as represented hy»ff, hi, tfie line of intersection can 
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be arrived at as followe ; — Drop e/and h k perpendicular to ed, 
cutting off the difltances/^ and k I. Then on the plan (Fig. 24) 
erect a perpendicular to the lode and another to the crosa- 
I, a course, and cut off the 

" ' , diatance /g from the for- 

nier, and Jel from the lat- 
ter. DraT lines parallel to 
the lode and crosB-conrse 
respectively through ths 
points g and I ; these will 
intersect at x, and x y will 
be the line of intersection. 
lode is 
heaved 




Kg. 23.— Seotion. 

law may be defined as follows 
intersectsd by a cross-course or fault, and the lode 
either to the right or left, then, in order to find in which diroc- 
N^ tion this heave has taken 

^^ *___ 




Fig. 21. -Pisa. 
«t the point a (Fig. 26) on the aide 
in the following diagram. 



place, it is necessary to know 
the direction of the line of 
intersection of the two. This 
being determined, the course 
of the lode and cross-oourso 
having been shown on a plan, 
and the line of interaection 
also indicated, the determina- 
tion in which direction the 
heave has taken place is sim- 
ple. A perpendicular is 
erect«d to the cross-course 
which the lode is lost, as 



Ih« line of intersection 



produced to b, and then on which- 
ever side of the line a h, the 
perpendicular a c falls is the 
direction in which to search 
for the lost lode. In the 
case given, a d would be 
the direction in which to 
drive. 

The following diagrams 

show that in some cases 

the lode will not be heaved 

at all by the cross-course. 

Fig. 25.-P1MI. „j,ile in others it may be in 

the direction of the greater angle /a <2; and in others in the 

direction of the lesser angle fa e. 




DYNAMICS OF LODES. 



The distance to be driTen in either caae c&n only be fonni] 
when the amount of vertical displacement of the fault is known, 
and this cannot always be determined. Where accurate plan« 




Lode ho»ved in direction of lesBer angle. 
Fig. 26.-Plan. 

aud sections of the geolt^cal structure of the country traversed 
by the fault are availaWe, die exact poeitioo of the beds on 
«ither side of the fault may be recogriised ; and, haying th« 
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amonnt of vertical throw,. the heare can easily be determined, 
since bj setting out the line of intersection in elevation instead 
of plan, the ratio which exists between the vertical displacement 
and the heave can readily be arrived at. 

Exceptions to Schmidt'B Iiaw. — There are a few cases in 
which Schmidt's law does not apply, but these are chiefly where 
subsequent movements have t^en place, tUting the fault from 
its original plane to one dipping in the opposite direction. It 
will be readily seen that in some cases the movements are very 
complicated and require most careful study before they can be 
properly understood. 

The following plan will explain what a complioated network 
might be produced by the succesaive action of two &altE with 
their corresponding heaves on a single lode : — 




Fig. 37. -Plan. 

The lode abode was originally one continuous fissure, 
and was first of all heaved by the fault x in the direction of 
the lesser angle ; subsequently, the country was dislocated by 
the fault y which heaved both the lode and the original cross- 
course in the direction of the greater angle, thus giving rise to 
the somewhat complicated structure apparent in the plan. 

A study of this plan illustrates very well the comparative 
dates of the different dislocations. It will be evident that in 
the first case the country was broken by elevation parallel to 
the once continuous line ahcde, and, the fissure being opened 
in the manner previously described, the channel was filled with 
ore before the second movement took place. This second move- 




DVITAHICS OP LODEB. IS3 

meat was an elevation parallel to the line x, and it will be 
evident, from the way in which the lode is heaved hj it, that 
the lode and fault x are underlaTing in the direction indicated 
by the arrows on the plan. The underlay of the fault y muat 
also be as indicated, and the elevation parallel to the line y 
must have been the last structural movement which had taken 
place. Other cases may occur in which a lode is intersected by a 
cross-course which strikes in the same direction as the lode, bnt 
underlays in the opposite direction, as below (Fig, 28) ; in cflaes of 
this sort there will, of course, be no heave apparent, but the bi 

lode may be brought ^ 

to the surface several _ I — — — ""^ J^ * ^ [J^ Jj 
timea by parallel faults. 

Some districts are tra- 
versed by a great r 
ber of &ulta of this sort, 

and taking Greufell, _^ 

New Sonth Wales, as an __ — - 

illustration, the ree& 

have been faulted time Fig. 28.-8ection. 

after time, so that at present the quartz appears to occur in a 

succession ef isolated blocks which are found following a zigzag 

line through the couDtry from the surface downwards, the 

blocks seldom having a greater extent than about 200 feet. 

The lodes in this district occur in a rock which is called por- 
phyrite, consisting of felspar crystals in a felsitic base ; near the 
surface, and for some hundreds of feet below it, the rock has 
been decomposed and changed from its original blue colour to a 
sort of dirty brown. This rock, although hard to work in the 
mines (requiring the use of explosives), crumbles away rapidly 
when exposed to the action of the atmosphere ; it traverses the 
country in a north and south direction, the beds on either side 
of it to the east and west being slates. In these slates several 
reefs have been found which run parallel to the main line of 
upheaval ; hut in no case have they proved to contain a sufficient 
quantity of gold to pay for extraction. In the belt of porphyrite, 
however, some very rich reefs have been found ; but instead of 
running north and south, as in the slates, they traverse the 
porphyrite obliquely, coursing north-east and south-west and 
underlay to the norUi-west at angles varying from 56° to 65°. 

As already stated, these reefs have been subjected to numerous 
heaves, and these have generally thrown the reef in the direction 
of the footwall ; so that a vertical section of one of the mines 
would be much as shown in the a^oining sketch (Fig. 29). 
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In all cases where the reefs have been set back in this maimer 
the slides which bare dislocated them traverse the coimtry at 
very flat angles, aad the movement, instead of being a sliding 
or settling down of that 
part of the country, which 
is on the hanging wall side 
of the reefj is repreBent«d 
by the reverse faults which 
have been previously do- 
scribed. Hence Schmidt's 
law wonld not be applio- 
able in driving for thft 
recovery of the lost lodes. 
There has, however, been 
one exception proved to 
this rnle in the Home- 
ward Bound Claima, where 
highly payable atone was 
traced to a depth of 300 
feet from the surface. 
Several floors, such as 
described, were met with 
which heaved the reef into 
the footwall, sometimes for 
as great a distance aa 26 
feet, but at the 300 feet 
Fig. 29.-SecHon. level the reef jumped for a 

distance of 9 feet into the hanging wall, and it is worthy of 
note that the slide which dislocated the reef at this point 
traversed the country at a steeper angle and, on its underlay, 
met the underlay of the reef; so that normal conditions super- 
vened, and the movement which took place was a downirard 
one on the banging wall side of the slide. 

Other instances might, of course, be quoted in which Schmidt's 
law is not applicable for the recovery of lost lodes, but in by far 
the greater majority of cases tlie rule is applicable ; the excep- 
tions are only given with the view of explaining why in certain 
oases it will lead to incorrect conclusions. 
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CHAPTER IX. 

ALLUTIAL DIP0BIT8. 

Havihq alluded to all the different conditionB nnder which 
minerals occur, either aa reefa or atratified deposits, it is now pro- 
posed to devote a chapter to a description of those repositories of 
minerals known as alluvial deposits. This subject is of the 
more importance because, although thej are of a less permanent 
character than reefs, the greater quantity of both tin and gold 
which has, np to the present time, been won, has been derived 
from deposits of this sort ; and large areas still exist in which 
a judicious application of capital on comparatively poor ground 
will be remunerative. It should be mentioned here that the 
only minerals of importance which are found in alluvial deposits 
are gold and the other precioua metals, aa well aa tiostone and 
the gems which, from their hardness, and their power of resist- 
ing chemical change, are preserved in their original state, even 
when submitted for long perioda to the action of the weather. 

Source of Materials. — It will be evident to all that alluvial 
deposits have been derived, in the first instance, either from 
reefa or irregular depoaita, auch as deaoribed, or from rocks which 
are impregnated with mineral ; and that, in the majority of cases, 
the tin and gold found in these alluvial depoaita have alao been 
derived directly from reefs, although it ia probable that the 
larger nuggets of gold were deposited by chemical or electrical 
action at the places where they are found. 

A^e of Parent Bee&. — Although at one time these alluvial 
deposits formed part of parent reefa, and have, by the deuudiog^ 
and transporting action of water, been broken down and rounded, 
they were in some cases detached from the reefs at a very early 
period in the hiatory of the earth, and have since been aubjected 
to the action of water flowing in many different directions y 
hence, the diacovery of payable alluvial gold may not afford the 
means of tracing directly the reefs from which thia gold waa 
derived. 

In order to render thia quite clear, it is necessary once more 
to refer to the rocks in which the reefs occur, and the periods 
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during which the fisaures were formed that ure now filled with 
mineral deposits. 

A special history necessarily appertains to each iudividual 
district, and it is manifestly impossible to deal in these pages 
with many instances ; but it will be of interest to mention a few 
as illustrating the class of investigation that may be adopted by 
the prospector who will take sulficient trouble to study the 
reasons for the various facts that he observes. 

Australian Beefs. — In Yictoria the reefs chiefly occur in 
Upper Cambrian and Lower Silnrian rocks; while in New 
South Wales they traverse the beds of the Upper Silurian and 
Devonian systems. During the Devonian period, or at its close, 
great upheaTala took place, granite in many places was brought 
to the surface and the enclosing rocks were fractured along a 
number of lines, the direction of which depended upon the lines 
of upheaval of these granites. The fissures formed were charged 
with mineral, and from that time the formation of alluvial 
deposits commenced, the rocks themselves being worn away by 
the action of running water, and the minerals broken ^m the . 
reefs concentrated in the river channels of that day. There can 
be no doubt that such was the case, because at the base of the 
coal measures of New South Wales there are beds of con- 
glomerate in which water-worn gold occurs, and sometimes, as 
at Tallawong, there is sufficient gold present to make these 
conglomerates worth working. 

Of course, the gold in these conglomerates must have been 
derived from reefs which existed before the Carboniferous for- 
mation (now occupying such a large area in New South Wales) 
had been deposited ; but, at the same time, there are many reefs 
in the country which are of much later origin. The Silurian 
rocks, for instance, are traversed by dykes of diorite, some of 
which are on such a massive scale as almost to merit the term of 
bosses, and it has been pointed out by the l&te Mr. Wilkinson 
that many of these dykes are very closely associated with the 
<iocurrence of gold. 

Dykes of this rock penetrate not only the coal measures, but 
also the younger Hawkesbary sandstone, so that it is a difficult 
point to determine the period of their intrusion or even to say 
whether they are due to one or a series of eruptions. Be that 
as it may, however, it is perfectly certain that at some places 
the reefs are due to the intrusion of rocks of this class, and a 
study of the alluvial deposits in these districts gives uamistak- 
able evidence of the fact that the gold was derived direct from 
the parent reeC 
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A visit to some of these localities, or even an inspection of a 
map on which the reefs and gold leads aro delineated, is con- 
vinoing of the fact that the alluvial deposits have been derived 
directly from the reefs. The streams in which the alluvial 
deposits occur cross the belts of country in which the reefs are 
found, and it is only those parts of the streams which now lie 
below the line of reef that payable gold has been obtained. This 
distribution of the gold not only points to the fact that it has 
been derived directly from the reefe, but also shows conclusively 
that the drainage system of the country has not been changed 
since the alluvial deposits began to be formed. 

But this is not always the case ; for, in other localities, very 
great changes have ensued since the earliest deposition of the 

fold-bearing gravels. For instance, it has been pointed out by 
[r. Wilkinson that at Biragambil, New South Wales, there is 
a gully in which payable alluvial deposits occurred that have 
since been worked out, the gold of which could only have been 
derived from the auriferous conglomerates of the coal measares ; 
these conglomerates were denuded and their gold concentrated 
by a process of natural sluicing. The proof that this is the case 
is to be found in the &ct that above a certain point in the gully, 
a jwint at which the coal measures cease, and Silurian slates 
are met with, no gold has yet been found ; nor are the condi- 
tions of the slates such as are favourable for the o 



Deep Leads. — There are also some other and most important 
alluvial drifts in the Gulgong district, which have not been 
deposited by existing streams, these drifts being known as the 
deep leads; they are found at considerable depths below the 
Bur&ce of the ground, and are frequently buried beneath as 
much as 100 feet of basalt. Similar conditions prevail in 
Victoria and New England, New Soath Wales. 

These gravels were deposited by streams which, flowing 
during Miocene and older Pliocene times, had a somewhat 
different course from those which flow at the present day, and 
their course was suddenly arrested during the middle Pliocene 
period by streams of molten rock, which, flowing from fissures 
opened in the surface of the ground, poured down some of the 
watercourses and dammed back the water in others, up which 
they flowed until they found their level. The magnitude of 
this eruption can be appreciated when it is remembered that 
in New South Wales around Armidale the granites and 
other rocks (which had been, since the Devonian period, sub- 
jected to the eroding action of water, and had been out by it 
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into a number of guUiea aad gorges) were once more levelled off 
and oonrerted into & table land, all the irregnlaritieB being 
filled up by this molten rock. 

It has been suggested by Mr. Norman Taylor that it was in 
some way due to the effect of this basaltic eruption that the 
occurrenoe of diamond in the older drifts of Galgong can be 
traced. There are many interesting places in this neighbour- 
hood in which there is much difficulty in accounting for the 
manner in which the gold drifts were brought to their present 
position. Amongst others the Canadian and Whitehorse claims 
may be mentioned, in both of which the auriferous gravels now 
lie at a much lower level than any of the surrounding country, 
being, in fact, deposited in a depression. It is true that both 
these deposits, which adjoin one another, are resting on lime- 
stone and, indeed, are found in cavities in the limestone itself; 
hence, one is led to the conclusion that the river which deposited 
this gold very probably had an underground course for some 
distance, in which case a lead of gold may yet be traced through 
caves of limestone which mark the former course of the river. 

These deep leads have since, at times, been again cut through 
by streams, which have in places even cat gorges through the 
basalt, and the earlier deposits have been once more concentrated 
by the action of running water. 

Hew Zealand Beefs and. Deposits. — In New Zealand the 
conditions have been very different to those which prevailed on 
the Australian Continent. It is true that auriferous reefs 
are found traversing Lawer Silurian beds, as in Victoria, and 
Upper Silurian beds, as in New South Wales; but they also 
intersect both Upper Devonian and Lower Carboniferous 
rocks, which in this country consist chieEy of slates, sand- 
stones, and breccias. The lower Secom^ry rocks which 
overlie these beds are .not traversed by ree&, so that 
probably the date of the formation of the ree& was anterior to 
the deposition of these beds. There is, however, no absolute 
proof that this is the case, for the earliest known alluvial 
deposits in New Zealand are those known as the cement work- 
ings of Cement Town, near Reefton, which are of Cretaceous age ; 
they belong to the coal measures of the colony, which, as 
already pointed out, are Cretaceous. 

All that is known for certain of the period of formation of the 
ree& Is that they were formed after the close of the Carboniferous 
period, and before the commencement of the Cretaceous period. 
There is ample evidence in support of this, for alluvial gold, 
more or less rich, is somewhat widely distributed on the west 
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coast of the South Island in rocks of Cretaceous age ; while some 
very rich deposits of recent date are due to a natural concentra- 
tion of these gravels. 

As an illnstration, the Mangles River, a branch of the Buller 
Kiver, may be taken, in which some very rich alluvial wai 
worked near the junction. This gold was generally coarse 
near the lower part of the river ; and a aimilar class of gold 
was worked as high as Macgregors on the Tiraumea, at which 
place the oonglomerates of the ooal measures cease and the head 
waters of the Mangles flow through granite and slate. It is a 
remarkable fact that above this point, although there is still 
a certain amount of alluvial gold obtained, it is in far less 
quantity, and is much finer than obtained lower down; so that 
no doubt can exist as to the rocks from which the coarse gold 
has been derived. Much time has been spent unprofltably by 
miners in prospecting these Cretaceous coal measures for reefs, 
it having apparently been overlooked that the gold was probably 
derived from the conglomerates and simply concentrated, and 
that the rocks are not such as would be likely to contain ree&. 

Later again in the geological history of New Zealand, in fact, 
during the Upper Miocene period, the land stood at a much 
higher elevation than at present, and continental conditions, 
with lat^ rivers, prevailed. During this time the course of 
the rivers was more nearly north and south than now. The 
Buller River instead of flowing into the sea at "Westport, as at 
present, delivered itself into Golden Bay near Kelson; the 
Aorere flowed at a higher level and drained to what is now the 
month of the Farapara ; while other large rivers flowed north 
and south along the west coast, carrying large quantities of 
shingle with them and d^xisiting thick beds of gravel with 
small quantities of gold. Remains of these old terrace deposits 
yet exist; indeed beds of gravel, frequently over 300 feet thick, 
occur, which have since 

crossBtreamsnowflowing i° ^°V.s^^3\ -^°lW°Vt;^1- 

from east to west, and in °"— ■° -^ s^ ^ /^"'"°"°"~ ^ 

which most of the rich ~' '_ ^- ^ ^^^^ ^ 

alluvial deposits have -—' _ -:- = 

These alluvial deposits 
are represented in the fol- "* 

lowing section (Fig. 30), 
the wash generally being found on blue marly clays of Tertiary 
age, which are spoken of by miners as "false bottom." Alluvial 
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deposits have aIeo been formed by the denuding aotion of water 
on reeia In recent times j those whicii occur on the main or slate 
bottom are of this order. 

The alluvial deposits of Australia and "Sow Zealand may thus 
be grouped as follows : — 



Carboniferona conglo me rates. 

Mt. Poola ! . 

Deep leads of Miocene and Pliocene 



Pleistocene and recent leads < 

main bottom. 
Black sand beaches. 



No parallel. 

Cementa of Cretaceous age. 
Miocene gravels of West CoasC, 
oaiy suitable for hydraolic slulc- 

Recent alluvial deposlM on false 

bottom. 
Recent leads on main bottom. 



The beach deposits of New Zealand are almost unique in 
their occurrence, for, although gold occurs to some extent in 
similar beds in Australia and elsewhere, they have neTer been 
of the importance of those in New Zealand. All along the west 
coast a heavy current sets to the northward, which during 
heavy sou^erly gales is yet stronger. Wherever beaches exist 
which are exposed to this northerly current there are deposits 
of alluvial gold found near low-water mark, mixed with black 
sand. These depoaibi are worked by means of a portable sluicing 
table, which is wheeled down to the edge of the sea at low 
water, a flexible hose being rolled down after it. It ia found that 
after every storm the gold in the sand is renewed. Sometimes 
the men who own these claims have to wait as much as six 
months for their deposit of gold to be renewed ; but, even under 
these conditions, they are reported to make good wages at their 
work. The lack leads, which have yielded large quantities of 
gold, have been formed in the same way, bat, since their 
deposition, have been removed beyond the acti<Hi of the waves 
by an elevation of the land. 

AUavlal Deposits of British Columbia. — Special atteutioa 
has been devoted to a description of the Australasian alluvial 
d^osite, because they illustrate nearly every condition which 
can prevail ; but it may be well to allude to British Columbia aa 
affording an illustration on a gigantic scale and exhibiting 
features which are perhaps better studied there than elsewhere^ 
This mounttunous country affords evidence throughout of the 
important part glacial action has played in shaping its ranges 
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and forming its lakes. Moraines of great size are found and, 
in addition to this, the hills are covered over large areas by a 
glacial till which is sometimes of very great thickness. The 
"till" carries gold in greater or less quantities, and has been 
washed hj hydraulic power at places where it has been found 
to carry sufficient gold to make it remunerative. At the present 
time a good deal of attention is being devoted to testing these 
deposits, and large areas, as yet ontouched, will no doubt be 
worked in the future. But where these deposits of " till " have 
been oat through by recent streams, the process of resluicing, 
alrrady described, has concentrated the gold, and some of the 
richest alluvial drifts have been formed which have yielded most 
phenomenal returns. Williams Creek, for instance, in tha 
Cariboo district yielded $20,000,000 in the early days, and 
many other (although not so rich) deposits have also been 
worked. The occurrence of rich alluvial deposits under thes* 
conditions has, of course, led to prospecting for reefs in the 
vicinity, but hitherto without much success. It will be self- 
evident that this is another instance in which the alluvial gold 
has travelled for some distance from its parent reef, but that, 
having been transported for the first part of its journey by ice, 
it has not been greatly worn, hence an inspection of the gold 
itself would not give any idea of the distance it had travelled. 

The following are a few of the conditions which have to be 
considered in the determination of the value of alluvial deposits. 
It will be evident that gold may be found under any of the 
following conditions : — 

1. In the beds of rivers ; either with shingle in the stream, or 
as beaches, or in pockets or ledges on the solid rock. 

2. Under a cover of a few feet of shingle or surface soil, which 
may be stripped by band. 

3. As leads below many feet of cover, in which case the 
grotind has to be worked by means of shafts, and the lead 
blo<^ed out. 

4. As poor deposits scattered through large quantities of 
gravel, in which cose the whole deposit has to be sluiced on a 
laive scale. 

As regards the two first classes of deposits it is unnecessary 
to make any further remarks, except to point out that a study 
of them, and the peooliarities of the rivers which have deposited 
them, may serve as a guide in following the leads in the third 
class of deposits. 

Gold is deposited by rivers at all points where the current ia 
checked by any means ; thus, during; floods, when the section of 
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a river is as follows (Fig. 31), gold is thrownup on the banks, and 
small beaohea are left when the river &lls, which can frequently 
be worked by such simple methods as cradling ; but leads have 
been formed in the main 
course of the river, and fol- 
low the direction in which 
the main body of the river 

This being the case, a 

careful study should be 

made of everything which 

causes any change in the direction of e. river. The following 

sketch illustrates this, and gives a fair idea of the manner in 

which beaches are formed, and thtt gold renewed in these beaches 

from time to time when 

the river is flooded. 

The principal current 
would flow down the 
centre of the course so 
long as no obstructions 
were encountered; bat 
when any bins' was met, 
the direction of the cur- 

rent would be changed 

and pass from one side of 

■^^ the stream to the other, 

^ to be once more deflected 

on meeting a blaS* on the 

other side of the river. 

Not only this, but when a 

Fig. 32.— Pl»n. river ia cutting its bank on 

one side, it is continually 

depositing shingle on the other, the section of the stream being 

as in the accompanying sketch (Fig. 33). 

The auriferous deposits will, therefore, be formed in the slack 
water on the shallow aide of the stream, and the leads of gold will 
follow much straighter lines than the regular course of the stream 
which deposited them, and, moreover, will not be uniformly rich 
along the lead. 

It is evident that where a close idea can be formed of the 
former direction of the stream which deposited the leads of gold, 
much information may be gleaned as to the direction which the 
richer parts of the leads will take ; but unfortunately it is often 
the case that the surface ban been so changed since the deposition 
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of these deep leads as to moke it almost impossible to arrive at 
Batisfactory conclusions. It is only nfter the leads have been 
irorked that the former course of the river ctut be traced. 

In those depoeits, which come under ClasB 4, no attention 
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J'ig. 33.— Section, 
whatever is paid to the distribution of leads of gold ; but the 
whole body of wash is sluiced away on a face, the profits being 
dependent upon the enormous quantity of material moved. It 
is chiefly in America that operations of this sort have been 
carried on, where, on the slopes of the Bocky Mountains, large 
claims are worked to treat wash dirt from 100 to 200 feet in 
thickness, in which, it ie stated in official reports, aa small a 
return as 2id. per cubic yard will pay. In cases of this sort 
there are, of course, several faces opened up for sluicing, and the 
quantity of water brought in is enormous, while, necessarily, all 
other conditions must be of a favourable character to enable 
these low grade deposits to pay dividends on the capital 
involved. It will be of interest to call attention to the salient 
points in any such scheme, in order to affoid the prospector the 
opportunity of gauging the chances of success. 

Necessarily, the first consideration is the quantity of gold 
present in the drifts, and the thickness and extent of these drifts 
themselves. This question should be gauged at the outset by 
sinking shafts through the drift, and cradling or hand-sluicing 
everything that is raised from the shafts. By these means the 
best idea can be obtained of the average yield of the drifts. 

When the yield is high, other conditions are of comparatively 
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little importance; but when low every other feature must be 
considered in forming an estimate. The quantity of water 
available must be gauged and the cost estimated of bringing this 
on to the property ; and seeing that the pressure obtainable is 
an imporbint point, a careful survey will be required to see at 
what altitude the water chd be brought on to the claim. This 
survey u of the more importance, because by it the only feir 
estimate can be made of the coat of the race, the amount and 
lieigbt of fluming, where it is advisable to use siphons, and a 
hundred other small points, all of which bear upon the value of 
the ground. 

The next most important feature, after the value of the 
gravel and quantity of water have been determined, is what 
facilities exist of disposing of tailings, or, in techniiMl terms, 
" what dump exists." This is of great importance, and involves 
several considerations. When the deposit to be sluiced is 
situated high up on ranges above the river level, especially if a 
stret«h of unoccupied ground exists between the claim and the 
river, no possible difficulty can exist ; but this is not always the 
case. Difficulties may arise, either from there not being suffi- 
cient &11, or from iarmers or others occupying the lower lying 
ground and objecting to the tailings being deposited Upon their 
property. This haa formed so important a matter in the United 
States as to necessitate an Act of Congress (known as the 
Debris Act) restricting owners from depositing tailings, except 
under arrangement, and compelling them to impound them in 
settling areas when required, and only to allow the clean water 
to escape. 

The difficulty of impounding is not so very serious in the 
matter of additional cost if a sufficient bead of water is avail- 
able, for by the use of hydraulic elevators the tailings can be 
raised to 10 or 16 per cent, of the height representing the 
pressure of water available. When this pressure, however, 
cannot be obtained the absence of dumping ground will make 
an otherwise valuable property of no value at all. Even when 
the tailings can be dealt with by elevators the initial cost of the 
undertaking is considerably increased if they have to be 
employed. 

Some very extensive operations are conducted at times with 
the object of recovering the gold in the beds of liv^e rivers, and 
very often the results achieved are not commensurate with the 
expenditure. The methods adopted vary a good deal, according, 
to the nature of the river ; thus, for instance, on the Molyneux 
Kiver, in Kew Zealand, dredging has been very successfully 



U^[<. 



ALLUVIAI. DBPOBITS. 135 

adopted, backet dredgea being employed, and the material 
dredged sluiced on the barge. The tailingB in modem dredges 
are <£spo!ied of by bucket elevators at the stern of the barge, 
and are thus deposited at a greater elevation than the sur&ce 
of the water; the dredging channel being kept clear. Similar 
operations are being proposed on the Fraser River in British 
Columbia. The success of these operations depends to a very 
large extent upon the facility 'with which the dredges can he 
moored, the dangers from rapid rising of the river, and the 
manner in which operations are conducted. When other con- 
ditions ore favourable, very low grade gravel will pay for 
dredging, bat it is difficult — indeed, impossible — to estimate 
what the yield of a river bed will be, except by means of a 
dredging plant, so that the expense of a dredge has to be in- 
currwl for the purpose of prospecting. It is true that some 
idea may be gained by testing the river bed at low water, or 
even by running out wing dams. Testa are olao made by divers, 
and occasionally by bore holes; but these can never be relied 
upon OS giving accurate results. Hence some speculation must 
always attend the first operations in dredging a river. Dredges 
are now largely used for washing the beaches which flank 
streams, and also for dealing with alluvial deposits which are 
at some distance from existing rivers, for wherever an excava- 
tion can be made in which sufficient water will accumulate to 
float a dredge these machines can he employed. The cheapness 
with which dredges are operated makes them well adapted for 
treating very low grade gravels. In other cases a river it 
diverted, and its original bed laid dry; and in others again, by 
the construction of crate dams down the centre of the stream, 
and the deflection of the river to one or other side, one-half of 
the river bed at a time is rendered available for sluicing oper- 
ations. Great danger exists in these cases from floods, sjid it 
is by no means on unusual thing for the work of months to be 
carried away in a night, many promising enterprises having 
thus been brought to an untimely end. 

Alluvial deposits, it will be seen, include forms of mining 
which vary from the moat primitive methods of washing with a 
tin dish, cradling or hand sluicing, to operations which involve 
the expenditure of large quantities of capital, and tax the 
energies of the beat hydraulic engineers to bring them to a 
successful issue. 
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CHAPTER X. 

ROBLK MBTAU. 



Gold— Platinum — Osctiiim — Itidtnm — ^PftUadium — 
TdUuiinm. 

(iOhO. 

DlBtribation. — Gold is more univorsally disseminated in nature 
than is generally supposed, althoagh there are only a few fields 
in the Trorld where it ia abundant South Africa is now the 
largest producer, with a field of over 4^ millions of ounces of 
gold for 1898, Australasia being next, and California third on 
the list. 

Its general mode of occurrence is, like platinum, in the native 
state ; but, unlite that rare metal, gold is found in association 
with many ores, especially sulphides. Gold occurs in actual 
combination with tellurium only ; there are tellurides of gold, 
of gold and silver, gold and lead, i&c. 

Uode of Deteotion. — There is very little difficulty in re- 
cognising gold, although, many curious mistakes are made by 
men who have had no experience, specks of capper pyrites in 
quartz and even small yellow flakes of mica being at times 
taken for the precious metal. Gold, however, remains of the 
same colour in every light, is metallic, and can be cut with the 
point of a knife i whereas, other minerals are brittle ; moreover, 
it is not affected by acid other than nitro-muriatic add. The 
prospector, however, soon gets so well acquainted with its appear- 
ance as to hardly ever make a mistake ; if the stone be crushed 
and washed, the gold will be very readily recognised in a tin 
dish in which, if any doubt exists, it can be amalgamated with 
a little mercury. 

AsBooiation with Sulphides. — Although gold is almost 
universally present in iron pyrites, it is not, in most cases at 
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ftoy rate, in actual combination with sulphur ; but is only dis- 
seminated through the pyrites in the metallic state, or inter- 
calated in minute scales between the crystalline layers of that 
mineral. Oold is also found mixed with copper pyrites, galena, 
zinc blende, miBpickel, stibnite, magnetic pyrites, and cinnabar, 
all of which are sulphides. It is often found in company with 
native bismuth, magnetic iron, hiematite, barytes, apatite, fluor- 
spar, and siderite; but its most universal matrix is quartz, 
although calcite or dolomite more rarely form the gangue. 

Auriferous Belts. — The moat usual mode of occurrence ol 
gold is in reefs, from which alluvial deposits are derived. In the 
richest and most celebrated gold-mining districts these reefa 
do not occur singly, but in belts. The ree& in the two most 
important mining distriots of Victoria at Ballarat and Sandhurst, 
which lie to the south and north of the dividing range respectively, 
form two well marked mineral belts. In Hew Sonth Wales there 
is an important, though net so well marked, belt which extends 
north and south of Bathurst ; and in California the whole of the 
auriferous veins of the Sierra Nevada can be considered as a 
great auriferous belt. 

In each of these cases the main trend of the belts is north and 
south ; but there are many anriferons reefs occurring in them 
which strike in other directions, especially east and west, or at 
right angles to the principal veins, and these are called cross- 
veins or cross-courses. In Victoria the number of cross reefs is 
probably not one-tenth of the total number of "reefs known, but 
in New South Wales they are of more frequent occurrence. 

It is important to study the course of the greater number of 
reefs in any district, because the dispersion of gold in alluvia is 
most abundaut in regions where the drainage system corresponds 
with their strike, rivers flowing at right angles across the general 
direction of the reefs not having abraded ibem over so extensive 
a.a area. 

Occurrence of Gk>ld-bearing Beeft. — Auriferous veins occur 
most frequently either in or associated with eruptive rocks of 
various ages from Tertiary to much more ancient times. 

Of those which traverse eruptive rocks themselves, the gold- 
Itearing reefs of S.E. Hungary may be mentioned. They intersect 
a rock called "propylite," an altered variety of andesite, which 
is also the enclosing rock of the Comstock lode, and is found 
again associated with the tufaceous rocks in which the auriferous 
ree& of the Thames in New Zealand occur. 

In the Ural Mountains gold-bearing reefs also occur in eruptive 
rocks. In the district of BerezowE^, in the Southern Urals, 
crystslline schists have been traversed by dykes of a flne-grained 
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variety of granite, parallel in strike with the direction of the 
mountain chain. This variety of granite, eapecially when it is 
in contact with the lodes, contains iron pyrites altered and 
docomposed to limonite. At right angles to the dykes innumer- 
able qnartz veins occnr, from 1 inch to 3 feet wide, containing 
gold, iron pyrites, &c., but they have not proved very remunera- 
tive. Qold also occurs in the same district in quartz veins 
traversing diorites, serpentines, &c. 

In the Australasian Oolonies, again, as in other parts of the 
world, eruptive rocks are frequent associates of gold-bearing 
veins, being sometimes traversed by them, but in other cases 
are found alongside the auriferous reefs, which thus occur as 
junction deposits, an interesting illustration of which is seen at 
the Wentworth goldfield, near Orange, in New South Wales, 
where the gold seems to be partly held in solution by mispickel, 
from which it exudes when heated in the shape of moss-like 
excrescences {Liveraidge, Traiu. Hoyai Soe., N.S. W., 1876). 

According to the late Mr. G. B. Wilkinson, the auriferous 
deposits occur at the junction of serpentine with a felspathic 
rock containing hornblende (bomblendic feUite), which in 
some places passes into diorite (sections examined microscopically 
by Mr. C. J. Alford show this rock to be a magma basalt). 
Along this line of junction is the "lode," which, at the surface, 
is a fissure 6 feet or more in width, extending nearly N.W. and 
8.E. for a distance of 60 chains. It is filled with a sandy ferru- 
ginous clay containing hard siliceous accretions of irregular 
shape, locally termed " clinkers." It underlays to the N.E. at 
about 66°, Uiough in some places it is nearly vertical. The 
horublendic felsite forms the footwall, and the serpentine the 
banging wall. 

Shoots, — In the felsite at varying distances along the " lode " 
are quartz veins from a few inches to 6 feet thick, coming in 
from the west and abutting against the lode, which they appear 
to follow down, forming irregular quartz "pipes" or ''shoots," 
which dip diagonally in the lode towards the east. These 
veins have only been found to contain payable gold when they 
junction with the "lode"and form shoots (also called "bonanzas"). 

Mr. A. R. Canning, writing in May, 1898, says — "Along the 
outcrop of the 'joint' after the removal of the recent alluvial 
some twenty apparently distinct lodes were discovered. Some 
of these were not more than 60 to 60 feet apart, others lay 
several hundred feet away from the next. About 3000 feet 
divided the most south-easterly from the'extreme north-westerly 
body. Most of these veins on reaching the contact joint over- 
flowed along it in a south-easterly direction, and, the gold for the 
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most part existing in this overflow, tbe early miners on the 
field regarded the contact joint as the main channe], and the 
anriferouB body found ^ong it was known as ' the lode.' " 

A careful ezamiiiBtioD of this district, and a study of the 
workings of the different mines on the Wentworth goldfield, 
demonstrates the fact that the serpentine, which forms the 
hanging wall of the so-oalled " lode," fills a fissure itself between 
diorite walls, being at some places only a few feet and at others 
some hundreds of feet in width. It is only on the footwall side 
of the serpentine that gold has as yet been found, and there only 
where the quartz reefs which traverse the diorite abut against 
the serpentine. It ia a remarkable fact, moreover, that where 
these reefa approach the serpentine they gradoaily change from 
quartz to calcite, which latter mineral oarries the gold, ohiefly, 
where nndecomposed, in mispickel. 

Other contact deposits are numerous, but amongst others it 
may be mentioned that at Rodna, in S.E. Hungary, gold and 
silver occur with sulphides in a vein of calcspar and quartz in a 
contact deposit. The country consists of mica schist, horn- 
blende schist, granular limestone, and Tertiary deposits, traversed 
by dykes of andesite. When these come in contact with the 
limestone the ore deposits occur. 

Again, in the Eureka district, Nevada, a great ore channel 
extends along the eastern base of Prospect Mountain for a di»- 
taoce of 12 miles. This appears to be a contact deposit in beds 
of limestone, quartzite, shale, &c. The ore contains gold, silver, 
and lead, and some of the mines have yielded a considerable 
return in bullion. 

By far the greater number of reels, however, traverse sede- 
mentary rocks, and in Victoria, where careful observations have 
been made and records kept, the auriferous quartz veins which 
traverse the lower Silurian rocks are considered to be richer 
than those which occur in the upper Silurian ; those in the lower 
Silurian also strike more nearly north and south than those in 
the upper part of the system. Gross reefs striking east and west 
are comparatively rare. 

The reefs in New South Wales are generally smaller and 
richer than those in Victoria, They occur mostly in the upper 
Silurian and Devonian systems, and cross reefs are more fre- 
quent than in Victoria. 

One of the most remarkable gold veins in California ia the great 
mother lode, which extends for a distance of over 70 miles, with a 
tbicknessvaryingfrom 6 feet to over 60 feet. Insomeplaoesitout- 
crops like an immense white wall, bnt ia not always remunerative. 
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Alth.ongh perhaps the moat importaat gold-bearing reefa 
belong to the fissure type, which have been described in pre- 
Tious pages, there are many localities where important reefs 
occur which belong to different types. 

Bedded TelnB.^The T^ta Madre in Mexico is a vein 
coinciding with the strata, and is considered to be a bedded 
vein, the dip of both the lode and rocks being about i5°. It 
attains at sooie places a thickness of 150 yards, and occurs at 
the junction of clay slates and conglomerates which are supposed 
to be, the former, of Devonian, and the latter, of Triossic age. 
The veinstone is amethyst quartz with calcspar, enclosing 
fragments of the country rock. Gold, silver, and silver glance 
are the principal ores ; but numerous other minerals occur, 
including the common sulphides. 

In cases of this sort where ore deposits are, for a part of 
their course, regularly inters tratified between the beds, it is 
difficult to avoid using the term " bed " to describe them ; and, 
indeed, it is quite possible that such deposits may in some 
cases have been formed as beds in a similar manner to the 
banket beds of the Transvaal already described. When the 
term " bedded veins " is employed it must be understood that 
their formation is attributed to the same origin as that of true 
veiua, and that they have not been formed contemporaneously 
with the strata in which they are enclosed. 

Saddle BeefB. — A cUss of reefs not hitherto described in 
these pages, which are called "saddle reefs," occur at Sandhurst, 
Victoria. Fig. 34 gives an idea of tbeir shape, and also suggests 
that they may have been formed at the intersection of a parallel 
system of fractures with cross-joints in the rocks ; they may, 
however, be due to foldings in the strata. 

The richest parts are said to be at the caps of these reefs ; the 
branches (which are called the eastern and western legs respec- 
tively) being relatively poor, although generally one of these 
legs will pay to work for some distance down, while the other 
is barren. Many of these saddles are found one below the other, 
as shown in the sketch ; they are only developed by sinking. 

It is not in Sandhurst only that reefs of carved shape occur ; 
at Cluues, for instance, there are several saddle reefs. Fig. 35 
shows the shape of one of them, which seems to be a vein of 
segregation in the folds of an anticline to the west, and of a 
syncline to the east. The alluvial wash here is covered by 
81 feet of gravel, 142 feet of basalt, and 15 feet of surface soil. 

Plat Veins. — Tn Gippsland there are some interesting veins 
of segregation which are illustrated by the accompanying sketch. 
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They are called "flat veins," and occur in dykea of. diorito 
porphyty, which, for a certain depth from the surface, ar» 
decomposed to clay. The quartz is very rich in the soft, decom- 
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Fig. 31.— Section. 

posed matrix, but when the undecomposed rock is reached' 
in depth, the quartz appears to become poor, or to run out. 



rig 35.— Section. Fig. 36.— Section. 

Breooia IiOde. — Before oonclnding this branch of the subject 

there are some exceptional modes of occuireiice of gold which 

should be described. The first of these is at Browns Greek 

mine near Blayney, Kew South Wales, described as an ii 
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breccia lode, in which the gold ie disseminated ia fine particles. 
The vein stuff ia a ferruginous flinty rock, with concretions of 
chalcedouy and the country rock ia limestone penetrated by dykes 
of grey diorite. It has been stated that this deposit shows 
evidence of segregation or deposition from hot springs which 
probably accompanied the diorite eruption. 

The Wentworth field aSbrds an illustration of the influence 
exerted by cross veins in determining the dip of shoots of gold, 
but in many other localities, cBpecially where the rocka are 
dipping at moderate angles, and are of different degrees of hard- 
ness, the rich parts of the lode will be determined by the inter- 
section of the lode and a belt of congenial or "kindly " country. 
It is of the greatest importance to discover the laws which 
govern the distribution of the rich parts in reefs, and the caases 
which have influenced the dip of the "pay shoots." Although 
the laws which have been enunciated in the chapter on fissure 
lodes will not always explain all the peculiarities of a, field, they 
will form the basis on which to work; and, when considered in 
conjunction with any local peculiarities which may exist, will 
generally give valuable results. A careful record of the work 
in a mine, showing, in addition to the direction of the levels, 
the distribution of the rich parts worked, and any changes ia 
the rooks, or intersections of veins, will afford most valuable 
hints as to the direction which future workings should take. 
These details unfortunately are seldom shown on the plans of 

Gold also occurs disseminated through rocks sometimes aa 
native gold, but more frequently associated with various sul- 
phides. The banket beds of the Transvaal have been already 
described, and a similar class of deposit have been proved to exist 
in the Tarkwa district of West Africa. 

In Brazil, gold occurs under exceptional circumstances in beds 
of metamorphic sandstone, which is sometimes flexible, con- 
taining mica, micaceous iron, and other minerals, and forming 
lenticular masses in a formation which is supposed to belong to 
the Lower Silurian or Cambrian period. This sandstone, which 
is called " itacolmite," not only contains gold, but also diamonds, 
rutile, tourmaline, &c. The gold is always alloyed with silver and 
copper, and sometimes with platinum. It is also found in a 
rock called itabirite, known locally as jacotinga. 

At Borsa-Binya, besides some trachyte, there is a peculiar 
labradorite rock, called timazite or hornblende andesite, which 
traverses both the mica schists and Carpathian sandstone. A 
whole mountain is formed of this timazite, in which a certain 
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nnmbei' of veins occur nearl; parallel to one another. Copper 
pjrriteB and iron pyrites, with little qnartz, compose the filling 
of these lodes, and are both anriferous, and iron pyrites is also 
disse minuted through the timazite. 

Another remarkable deposit which occurs at Belubula, New 
South Wales, has already been described in the chapter on strati- 
fied deposiM ; but the most remarkable deposit of all is that of 
Mount Morgan in Queensland of which the following descrip- 
tion by Mr. E. L. Jack published shortly after its discovery 
is of interest. 

The summit of Mount Moi^an was composed of what Mr, Jack 
calls a sinter deposit, and he says, in bis report on the district: — 
"Down the hill sides to the north, west, and south a similar 
deposit is everywhere met with; a frothy or spongy matrix, 
sometimes aluminous and sometimes siliceous, generally iron- 
stained and occasionally associated with large masses of red 
and brown hsmatite, but gold has as yet only been obtained 
from a few places away from the hill top, although, naturally, 
there haii been vigorous prospecting (so far as possible in an 
nausually dry season) wherever the 'formation' resembled that 
of Mount Morgan." 

In describing the deposit he says : — " The frothy and cavern- 
ous condition of the siliceous sinter of Mount Morgan may be 
accounted for by the escape of steam, while the silica was yet 
(after its deposition on the evaporation of the water) in the 
gelatinous condition so frequently observed in the deposits of 
hot springs. The aluminous silicates represent the familiar 
outbursts and flows of mud. The iron oxide appears to have 
been deposited in some cases along with the sUica and alumina, 
and in others to have been deposited later, its solvent fluid 
having been, as it were, injected into the interstices, vesicles, 
and caverns of the silica and alumina. In some oases it may 
have been originally pyrites, as it now and then occurs in 
cubical hollows. Calcareous sinter is very common in siliceous 
springs and iti absence from Monnt Morgan must needs imply 
the local absence of limestones among the rocks from which the 
spring was fed. The silica would be found abundantly in the 
quartsites, and the alumina may have come in part from a deep- 
seated underlying granite. The gold, and to some extent the 
iron, may have been dissolved out of the iron pyrites of such 
reefs as the'Mundio Beef seen in Mundic Creek; the gold 
possibly by chlorine produced by the contact of hydrochloric 
acid, derived from tJie decomposition of chlorides, with manganese, 
which occurs sparingly in the form of pyrolnsite along with the 
ironstone of Monnt Morgan," 

A.uu>(ie 
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It ia doubtful whether Mr, Jack was correct in hia viewa 
regarding the origin of this deposit ; for a lode deoompoeing 
near the sar&ce, especially if highly charged with pyrites, 
would present very similar phenomena, and later developments 
have demonstrated the pyritic nature of the lower levels, the 
pyrites being associated with quartz (see also p. 104). 

Gold in Deep Leads. — The occurrence and distribution of 
gold, &c., in alluvial deposits has formed the subject matter of 
another chapter, bat a few remarks may be added on deep 
alluvial deposits. 

It should be borne in mind that in those places where deep 
alluvial loads have been covered by flows of basalt they have had 
the best chance of resisting denudation, and it is to the protec- 
tion thus afforded that the deep leads of Australia owe their 
preservation. It is evident that such leads are not likely to 
exist in flat country ; but will generally occur either on the 
slopes or at the foot of high ranges. In many cases where the 
alloyia of the valleys have been thus buried and protected, the 
rivers have been compelled to cue fresh channels for themselves. 

Most of the deep leads of Victoria have been buried in this 
way, and at Ballarat there are no less than four distinct beds of 
basalt, below each of which a bed of auriferous drift occurs. 
These different flows of basalt are known as the first, second, 
third, and fourth rocks respectively, and they are represented 
in the following sections, taken from Brough Smyth's AuttT^lian 
Ooldfields, 1869;— 
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In the following section taken from the same work, a valley 
hae been formed by denudation of the drift. On one side of the 
valley the drift is overlain by basalt, but is uncovered on the 
slope of the opposite bank (Fig. ""' 





Denudation has frequently worn away the beds, so as to leave 
hills capped with bafialt, as on the slopes of the Sierra Nevada. 
The gravels seldom lie on 
a flat bed rock, but gener- 
ally on a concave, basin- 
like Bur&ce, the edges of 
which are, in California, 
called "rim rock," the 
term " bed rock " being 
reserved for the bottom 
of the depression. Tail 
races, or sludge channels, 
are frequently driven through this " rim rock " in order to work 
the low-lying parts of the drift, as in the section (Fig. 39). 

FUTIHDH AND AlLIBS McTALS. 

Flatinutn, the least fusible of the metals, occnra in alluvial 
deposits in small grains, together with sbme other very rare 
metals such as osmium, iridium, and palladium. It is often 
found with gold, as in the Urala, which district produces nearly 
all the platinum used in the World. In other countries it 
oocnr* in relatively small quantities, as in New Zealand and 
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Kew Bontli Walei ; and a fair quantity has been foand in some 
parta of Califomia, altbongh no steady yield haa been obtained 
there, probably due to a large extent, to the fluctuations in 
ralne making ue search for it seldom remtinerative. 

In New South Wales, a nugget of 268 grains — over half an 
onnoe — is reported to have been found, at Wisenuui's Creek, 
with alluTial gold ; but it was no doubt Tery impure, having a 
specific gravity between 16 and 16 only. 

Although of comparatively little importance, some of the 
metals usually associated may be mentioned. Iridosmine, 
especially, ia stated to occur commonly with alluvial gold in 
N^ew South Wales, usually in minute grains or scales, and it ia 
also mentioned from N'ew Zealand. 

It may be remarked in connection with these minerals that 
platiniridinm and iridosmine are even heavier than platinum 
itself, as seen in the table ; and that they are at the same time 
the hardest metals, being as hard as quartz ; so that they are 
easily distinguished from platinum, which is malleable, and of 
the same specific gravity as gold. Platinum has never been 
mined except in alluvial deposits, but &om its association in 
the Urals with chrome iron and Terpentine, it is inferred that, in 
this country at least, it occurs in serpentine. In the neighbour- 
hood of Broken Hill, New South Wales, it hati been found as- 
sociated with a lode, but has not been worked. 
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TeLLCBIDH MlKXltALS. 



Tellnrinm is tiie ouly metal which has hitherto been found in 
natare in actual chemical combination with gold. It also occura 
in a native state, and, combined with other metala, forming 
tellurides. 

The moat important of these are included in the following 
table, but tellurides of mercury, bismuth, lead, and nickel also 
exiat: — 
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Te, Tellnriumi Au, Gold; Ag, Silver; Pb, Lead. 

The most common of these minerals, petzite and sy Ivanite, 
are of fairly common occurrence in Colorado, more especially at 
Cripple Creek ; in the gold and silver mines of Transylvania ; 
an({ more recently, they have been discovered in considerable 
quantity in the Hannans or Kalgoorlie District of Western 
Australia. In this last-mentioned locality they are found, 
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accompanied by pyritea and forming the permaaent ore, in 
depth below the zone of deoom position near the surface. 

Above this line of decomposition, some very rich fermginoiu 
quartz lodes occur, and the gold is very fine — in some cases 
looking like mustard disseminated throagb the matrix, and 
only exhibiting its metallic lustre when bamished. 

Tellurides constitnte exceedingly valuable ores when they are 
sufQcieatly rich to allow of hand picking and Bale to smelters, 
And even the poorer ores can be treated by roasting and either 
ohlorination or cyanidation. In many cases attempts to concen- 
trate have been uaBatisfactory, as the mineral frequently slimes 
A great deal ; bat concentration is said to have been suocessfdlly 
applied in Bonlder County, Colorado, and the possibility depends 
to & great extent upon the natnre of the ore. 

Specimens are foand in many localities, bat it is in compara- 
tively few places that workable deposits exist. 



CHAPTER XL 

flILTER AHD LEAD. 

SiLTEB ocoura under two very different conditions ; the first aa 
silver minerals or ores, the second as ores of lead or copper in 
which more or less silver is present. 

Aa the simplest means of extracting silver is by smelting with 
lead ores and desilverising the lead thus obtained, it is obvioaa 
that when no lead is contained in the ore itself it will be 
necessary either to mix lead ores with it, if smelting is to be 
resorted to; or else adopt a different method of treatment. 
Those silver-bearing lodea which do not contain lead are spobea 
of aa " dry ores." 

It will be seen that the ores of the first class may be directly 
recognised, either by their appearance or blowpipe oharactera j 
whUst the second class will only disclose to assay whether or no 
they contain silver in sufficient quantity to be of value. 

The silver ores proper all yield a bead of silver when treated 
before the blowpipe, on charcoal, with carbonate of sonla; the 
most common of tbem are given in the following table ; — 
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The preliminary examination with the blowpipe having deter- 
mined that a mineral belongs to this group, it is practicable in 
some oases to decide b; simple inspection which of the foregoing 
minerals it is; but in others it is necessary to apply certain 
tests in order to discriminate between them, and the following 
notes will be of service : — 

ITatiTe Silver i^ not likely to he mistaken for anything else, 
its malleability and white characteristic colour being sufficient 
for its determination. It will be distinguished from platinum 
by being fusible before the blowpipe, while platinum is not. 
It might be confounded with one of the native silver amalgams, 
but t^ese are rare. One of these, called "amalgam," contains 
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about 30 per cent, of silrer, is brittle and generally^ is found 
either maBsive or as coatings ; while another, called " arquerite," 
contains 86 per cent, of Bilver and is malleable. It often occurs 
in orystala, whilst native silver is generally found in strings, 
branches, or dendritic crystals. I^ativa silver has never been 
worked in alluvial, and is not likely to be found in this kind of 
deposit ; although its occurrence is not impossible. 

Argentite is fairly abundant and, being of great value, is 
ioiportaut to recognise. Its surface is usually tarnished, but it 
may be out like lead and then appears of a bright lead colour. 
It is so easily fusible that it will melt if brought near to the 
flame of a candle. Grey copper, especially when tamisbed black, 
might be mistaken for silver glance as it has the same external 
appearance, but, in addition to the characters already mentioned, 
sUver glance will not give antimoniaJ fumes, nor the smell of 
garlio due to arsenic before the blowpipe. There is also a great 
difierence in weight, the specific gravity of argentite being 
about 7, whilst that of grey copper is about 5. 

Some cobalt ores will be distiuguisbed from silver glance in 
that they are more or less brittle, at least not malleable or 
sectile; infusible in the flame of a candle; and yield a blue bead 
with borax before the blowpipe. 

To distinguish silver glance from copper glance or boamonite 
the blowpipe reduction assay on charcoal with soda is necessary, 
as they are both easily seethe and fusible ; the first will give a 
silver, the second a copper bead. This distinction, however, 
will be made before the mineral is included in this group. 

Btromeyerine. — The lustre and colour of cupriferous sulphide 
of silver are the same as those of bournonite and some grey 
copper ores ; but these will emit white fumes and a smell of 
garlic before the blowpipe, while stromeyerine will not. This 
mineral, however, may be difficult to distinguish on account of 
the presence of copper, and an assay may be necessary. 

8tephanit«, being brittle, will be easily distinguished from 
silver glance, which is sectile. Prom black oxide of copper it 
will be distinguished by the reduction of the metal on charcoal 
with carbonate of soda, and from polybasite by the a1[»ence of 
arsenic. 

Pyrargyrite and Prouatite, the two ruby-silver ores, will 
be distinguished froia one another by their streak, that of 
pronstite being lighter in colour, and by their different be- 
haviour before the blowpipe ; pyrargyrite yields fumes of 
antimony, pronstite the smell of garlic. They are each, hoW' 
ever, liable to be confounded with other ores. 
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When cryBtallieed they resemble epecular iron or hBmatite, 
but may be easily diatiiiguished ; for iron ores will not melt 
before the blowpipe alone, while the silver ores will, and at^e 
same time emit the charaoteristic fume. Another ready teat 
will be that of hardness, specular iron being scratched witb 
difficulty by a knife, while the ulver ores yield easily to it. 
Specular iron also beoomes m&gnetio on oharooal before the 
blowpipe. From oopper glance they will be distingnished by 
the colour of the streak, as also from polybasite. 

When compact the niby-silyer ores sometimes resemble 
realgar, oiniiabar, and red oxide of copper in appearance, but 
will be distinguished by the colour of the streak, which is 
cochineal-red for ruby silver, orange for realgar, scarlet-red 
for cinnabar, and brown-red for oxide of copper ; the distinotion 
from cinnabar, however, will be doubtful 

Before the blowpipe cinnabar entirely disappears, as it is 
composed of sulphur and mercury, botb,of which are volatile. 

Pyrargyrite occurs sometimes of a lead-grey colour, when it 
resembles silver glance, copper glance, and Doamonite ; but the 
streak will in all cases be sufficient to remove any doubt. 

Eerargyrite, or horn silver, presents the appearance of wax, 
and is as readily cut; so will be easily recognised. The newly- 
oat face soon tarnishes and becomes greyish- violet on exposure 
to light. Bubbed on wet iron, zinc, or copper, bom silver 
yields a coating of silver, and blocks of ^ia mineral sawn 
through with a steel saw show silver coatings on either faoe- 

BTOmargyrite is similar in character, but is generally of 
various shades of green. 

lodargyrite is oilen earthy and yellow, and, consequently, 
TMembles some earthy oxides, such as those of lead, bismn^ 
antimony, and molybdenum ; but these always accompany the 
metals from the alteration of which they are formed. The blow> 
pipe test will ascertain the nature of the yellow powder. 

The study and discrimination of silver ores is very important, 
fornot only are they interesting in consequence of their value, 
but several compounds in which silver exists are not easily 
recognised. As it often happens that a small quantity of a ri<m 
silver mineral, disseminated in grains through an ore, is sufBcient ' 
to make that ore very valuable, it ia most desirable for the 
prospector to thoroughly accustom himself to the recognition of 
such minerals ; as a failure in this respect may result in his 
missing a valuable discovery. 

As an illustration, it may be mentioned that small grains of 
argentiferous mispickel occur disseminated through some galenas. 
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which are, in consequence, very rich ; and it is alao well known 
that silver chloride in l&rffe proportions is ofben found in an 
earthjr matrix which would generally be disregarded. Such is 
the case with the rich chlorides of sUver scarcely risible in the 
•o-«alled " pacos " and " colorados " of Peru, and in the gossan at 
the ontorops of many silTer-bearing lodes. 

Valuing BUver Ores. — Native silver often occurs accom- 
panying other silver ores, and is sometimes sufficiently abandant 
to form its most valuable constituent, as at Kongsberg, in 
Sweden, and in Peru. Argentite or silver glance, which is the 
sulphide of silver, ia perhaps the most important of the ores of 
this class ; but the antimonial silver ores also occur in consider- 
able abundance in certain locaJities, notably in some of the 
American mines. The chlorides and chlorobromides of silrei 
are also, at times, of importance ; but as they are essentially 
ores of decomposition, are seldom found at any great depth from 
the surface. In the gossan of many silver-bearing lodes they 
are abundant and of great value, and are also at times found 
disseminated through andesitic and rhyolitic rocks, as in the 
Calico District of O^ifomia. 

A simple, but rough, method is sometimes adopted of testing 
the value of ores from day to day when chlorides are the 
minerals chiefly worked — viz., by powdering the ore in the mine, 
mixing it with a solution of hyposulphite of lime, which dis- 
solves the chloride, and then Etdding sodium sulphide, which 
forms a dark-coloured precipitate if much silver is present. It is 
evidently impossible to estimate in this way the contents of silver, 
but it afibrds a very good test whether the ore is of value or not. 

Some rich silver ores are very brittle, especially those contain- 
ing antimony and arsenic, and great care is necessary in the 
process of taking average samples, or iinreliable results will bo 
arrived at. Care is also necessary in working the ores on a 
large scale to see that all the dust produced ia saved for treat- 
ment, as this is frequently the richest part of the ore. 

Many silver deposits in America, along the Cordillera (both to 
the north and south), and in Europe, especially in Transylvania, 
are connected with some peculiar kinds of eruptive rocks belong- 
ing to the group of andesitea, and spoken of as propylites. This 
rock occurs at the famous Comstock lode in Nevada, where not 
less than a dozen varieties of eruptive rocks, andesites, propy- 
lites. Sic, belonging to three different epochs of eruption, form 
the accompaniment of this rich deposit. A better opportunity 
could not be selected for again directing the attention of pro- 
spectors to the important connection which mar be observed 
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between the eruptive rocks and their metalliferoua contents, and 
to the importance of studyinK their coonection carefully. It 
may be added that some of these deposits are of very recent 
origin, as the rocks of the andesitic familj have been chiefly 
erupted during tertiary times. 

The silver ores of the second class mentioned at the beginning 
of this chapter are those which occasioDally carry silver, and 
then come under the class of argentiferous ores. These may be 
enumerated as follows :^ 

Galona (sulphide of lead). See Lead. 

Boumomte (snlpho-antimonide of lead and copper). See 
Copper. 

Tetrahedrite (antimonial grey copper). See Copper. 

Tennantite (arsenical grey copper). See Copp&r. 

Miapiokel (arsenio-suiphide of iron). 

ZiDolOlende (eulphide of zinc). See Zinc. 

The above minerals, when argentiferous, do not give evidence 
of the presence of silver, unless they are submitted to the process 
of assay. A very simple test for the presence of silver in ores, 
however, is mentioned in Charles H. Aaron's PractietU Treatiie 
on TeHing and Working Silver Oreg, and is as follows; — "The ore 
should be ground fine, and then a few ounces are mixed with 
about one-tenth of its weight of salt, and one-twentieth of 
copperas. This is placed in an old frying pan, and heated gently 
BO long as a smell of burning sulphur can be noticed, the mass 
being stiri'ed with a thin bar of iron all the time. Ai^r ail the 
sulphur Las been driven oS, the beat is increased for a few 
minutes to a light red, and the mass stirred until it swells up 
and becomes sticky, care being taken not to fuse the ore. The 
mass is then taken out, and allowed to cool on a rock, aud after 
a little more salt has been added, and the ore mixed with water 
to the oonsifltency of mortar, a atrip of sheet copper, previously 
cleaned, is insert«d, and left there for ten minutes. The copper 
is then removed, washed in clean water, and if any silver ia 
present, it will be coated with a white substance, which will be 
heavier or lighter, according to the richness of the ore, and, if 
very rich, will appear grey and rough. The frying pan should 
be smeared with clay or mud, and dried before being used." 

Silver exists in traces, or in larger proportions, in all galenas ; 
■ but an assay is the only way to ascertain the percentage, as 
there is no physical character to distinguish the poor from the 
rich argentiferous galenas. It has often been stated that 
galenas with small crystalline facets, like coarse lump sugar, 
are rich in silver, while those with large cleavages are poor ; but 
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this character at beat is only loctil, for some galenai with large 
cubical cleavagM yield as much as 1,500 oza. of ailver per ton, 
whilst other fine-grained ores contaia 50 ozs. per toa, or eyen 
less. 

ArgentiferoDB grey copper and galena, accompanied by the 
different arsenical and antimonial silver ores, form the chief 
characteristic of the silver mines of Saxony and Bohemia. 

Lead Obes. 

All ores of lead give a bead of metallic lead when heated on 

charcoal with soda before the blowpipe. They will be readily 

distinguished one from the other by the ofaaracters given in the 

following table : — 





TABLE 


OF LEAD OEES. 




MlneisL 


c™,-.... 


c^ 


=■ 


'£S. 


atroit 


a, G&Iena, . 


Sulphide 


80 


2* 


7-6 


Lead-grey. 


6, Minium (red 


Glide 


90 


23 


4-6 


DuU-yellow or 


lead), 










bright red. 


e, Cerufisite, . 


Carbonate 


77 


3-34 


6-4 


White or greyish. 


rf, Anglesite, . 


Sulphate 


68 


21-3 


6-2 


White, gily, or 
Mack. 




Chromate 


64 


21-3 


e 


Oranire yellow. 


/, ;^rooior- 


Phosphate 4 


7a 


S!-l 


6-5 


White or 


pfiite. 


chloride 








yellowish. 


ff.Mimetite, . 


Arfleniate 


48 


3J 


7-2 


Light yelbw. 



Bmiarhe.—a, Metallio lead-grey ; cubical cleavages or granular, b. Not 
common, found with galena; orange-yellow to red. e. White to grey; 
decrepitates and fuses, d, Not common, e. Colour red ; blackens and 
fuses when heated. /, VarionB colours, yellow, red, and green ; swell* 
np and changes colour when heated, g, Loatre adamantine; generally 
covered with a black coating of arsenic ; faces of crystals curved. 

Lead mioing in Europe is inseparable from silver mining, as 
silver is mostly extracted from argentiferous galena ; cheap 
labour and scientific appliances enabling poor ores, containing 
only 9 or 10 ozs. of silver per ton, to be treated at a profit, 
both lead and silver being extracted. 

In America, where the prodoction of silver is enormous, the 
proportion of galena mined to silver ores proper is relatively 
small, and the economic conditions are not so favourable to 
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a large production of lead, a metal of comparatively little 

QaleDa.— Galena ie found in abundance throughout Australia, 
but up to the present time only those ores which are rich in 
fiilrer have received much attention. The immense deposits of 
comparatively poor ores, however, of which the best illustration 
is to be found in the Broken Hill mines, are being worked, and 
doubtless as time goes on, and still more economical applianMs 
than those now in use are introduced, still poorer ores will be 
worked. 

The most troublesome feature about the Broken Hill ores 
has been the association of zlncblende with the galena, more 
especially because the silver is associated with each mineral, so 
that no process of concentration is of value in enriching the 
ore. A very ingenious process was devised by Mr. Ashcroft 
for dealing with this class of ore which worked perfectly eatis- 
fiictorily experimentally, but was not financially satisfactoty 
on a large scale. A brief description of the process may be of 
interest The mixed ore, consisting of galena and blende, is 
first roasted so as to desulphurise a portion of the blende, 
leaving an amount which is determined by circumstances still 
nu&fiected. The roasted ore is then leached with ferric chloride, 
the zinc being dissolved as chloride, leaving the silver behind 
and the iron taking the place of the zinc as hydrate. The zinc 
is subsequently precipitated by electricity, an iron anode being 
employed, and the ferric chloride is thus renewed. The galena^ 
together with the hydrate of iron and what zinc has not been 
dealt with, is smelted and the silver and lead saved together in 
the ordinary way. 

N'umerous processes have been tried for treating these mixed 
sulphides of lead and zinc, but without any marked success. 
The process devised by Messrs. Sulman & Ficard of briquetting 
the roasted ore with bituminous coal and distilling the zinc 
from the briquettes in the ordinary way appears, however, to 
have been worked for some time on a commercial scale. In this 
process the lead and silver, after distillation of the zinc, remain 
in the retort, in & metallic state, entangled in the ct^e of the 
briquettes, from which it is subsequently recovered. 

Galena, or sulphide of lead, is the principal ore of lead, and 
the permanent ore in depth ; but at the outcrops of lodes several 
other minerals, mentioned in the table, which are products of 
decomposition, are found. These are the oxidised ores, such as 
carbonate, sulphate, phosphate, arseniate, and, more rarely, 
molybdate and chromate of lead. The combiaationa of lead 



luui^le 



166 PHOBPEOTItia roR uinebals. 

with chlorine (except as pyromorphite) are very rare, aad so 
kIso is the oxide. 

Aitbough carbonate, araeniate, and phosphate of lead are of 
very frequent occurrence in galena lodes, thejr are seldom 
Bofficieiitly abandant to be considered as regul&r ores, except 
in the upper workings before the water level is reaobed, below 
which galena is to be expected as the permanent ore. 

As galena is often accompanied bj iron and copper pyrites, 
there is generally a gossan on the back of the lode in which 
crystals of carbonate of lead, mostly as white tables or needles, 
are fonnd in the rughs and crevices. 

Carbonate of Uead, — Carbonate of lead is not only found 
crystallised, but alio in earthy masses of a yellowish or oohreous 
colour, and may be readily distinguished by its weight. When 
occurring in this form, it is usually mixed with earthy substances 
and oxide of iron, bat if a specimen is broken carbonate of lead 
in a pure state will generally be found in the centre, and be 
recognised by its bright vitreous or adamantine lustre. 

Ijead- antimony Ores, — There are several compounds of lead 
with antimony, but they are never sufficiently plentiful to b« 
considered as ores. One of these, jamesonite, contains small 
proportions of iron, copper, zinc, and bismuth. It occurs in 
grey fibrous mass^ or small prisms, and is found in Oomwall 
associated with quartz and boumonite. Another of these com- 
pounds, zinkenite, resembles stibnite and boumonite and occurs 
in an antimony mine in the Hartz. 

Boumonite. — Boumonite, which is spoken of in the chapter 
on Copper Ores, is a compound of lead, copper, and antimony. 
It occasionally forms mineral deposits t^ itself, as, for instance, 
in Colombia, South America. 

Xiead Iiodes. — The ores most commonly found associated with 
galena in lodes are zincblende, iron and copper pyrites, and 
arsenical iron or mispickeL 

The matrix or vein stuff generally associated with lead is 
either quartz, Suor spar, or barytes. 

Lead ores mostly occur in lodes, while copper occurs most 
frequently in contact veins ; but lead also occurs in contact 
veins, and, more rarely, in masses in sedimentary deposits, 
especially limestone. 

The best illustration of regular lodes is to be found in the 
lead and silver veins of the Hartz, Saxony, and Bohemia, which 
have an extremely regular structure. A plan of these lodes 
■bows the veins and cross-veins belonging to different systems 
of fracture and filling, arranged with the regularity of a mosaii^ 
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and in the vein itself the ores and their accompanying gangue 
are arranged with such order and regularity from the walla to 
the oeutre, that the name of " ribbon veins " or " banded veins " 
baa been applied to them. As a rule, the poiats of the crystals 
are turned towards the interior of the fieaure, and in con- 
sequence they are sometimes called "combed veins." The 
adjoining sketch represents the section of a vein at Frzibram, 
Bohemia, the different numbers referring to the different bands 
of ore. 



Fig. 40.— Section.— 1, CuinE or oooutrv rock; 2, Flacan; 3, Qaartz,- 
4, Iron pvritea ; S, Caldts ; 6, Quftrts and baTTtea ; 7, Zioo- 
blende and gslena. 

Lodes of this sort afford evidence of very slow deposition from 
waters carrying the mineral matters in solution. This has 
allowed the ores and minerals to orystallise beautifully, sections 
of the veins showing plainly the order in which the various 
minerals were deposited, the oldest deposits coating the walls of 
the lodes, the youngest being found at the centre. 

This Iwnded structure is almost peculiar to lead and silver 
lodes; but some deposits of copper, iron, manganese, zinc, &e., 
are also found in "combed veins. As already stated, lead ores 
also at times occur as "contact deposits," most of the silver 
lead mines worked in the centre of France, on the boundaries of 
the granitic region called the central plateau, occurring under 
these conditions. 

I. ,11, ., ^t^iUUi^lc 
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In the neighbourhood of Pontgibaud the country is compoaed 
of granite, mica achista, and gneiaa, and the lodes are in grajiite. 
Nnmeroiia dykes of porphyry crop out at the surface, and tho 
T^n stuff is a kind of granite differing but little irom the 
country rock and much decomposed at the sur&ice, involving a 
heavy expense in timbering. The ore is disseminated through 
the granitic matrix in veins, strings, or irregular masses, or in 
fine grains. 

The galena is generally accompanied by a little zincblenda 
and pyrites, while grey copper and barytes oocasiooally occur in 
some of these contact veins, but are replaced by quartz in depth; 
others contain fluor spar. 

Shoots. — The ore forms chimneys or shoots rarely more than 
150 feet to 250 feet in length, but permanent in depth. 

Other similar deposits occur in the granitic chain of Forez ; 
most of them in gneiss, but some in granite. One of these in 
granite is formed of two small leaders, which ocossionally join 
together. The associated minerals are the same— viz., blende 
and pyrites ; the vein stuff is quartz with a little heavy apar, 
and the ore occurs under nearly the same conditiona as those 
just described in irregular pockets or ahoots. 

In the same region other contact deposits (of similar com- 
position) occur in granite, mountain limestone, or sandstone, 
sometimes at the contact of porphyry. 



CHAPTER XII. 

QUICKfllLVKK OB UEBCDRf. 

Cinnab^ or sulphide of mercury is the only regular and valu- 
able ore of this metal. It is of a bright red to brownish-black 
colour, is always red in powder, and affords fumes of quicksilver 
when heated with soda on charcoal. N^ative mercury and amal- 
gam also occur. Some grey copper or tetrahedrite yields mercury. 
Tests for Cinnabar.— Cinnabar is very easily scratched 
with a knife, affording a deep red streak, and before the blow- 
pipe it volatilises, giving off a strong odour of burning sulphur; 
mixed with dry carbonate of soda and heated over a candle 
flame, in an iron spoon, it gives off vapour of mercury, which 
may be condensed on a gold coin held half-an-inch above the 
mixture. The surface of the coin appears whitish at first, but 
when rubbed between the fingers becomes brilliantly amalga- 
mated; with care this teat easily detects 1 percent, of cinnabar in 



QUICKSILVER OB UBRCUfiT. 159 

&I1 ore; the mercury is remoTed &oin the coin by gentle heating. 
Blowpipe tests disUoguish cinnabar irom all red minerals. 

KatlTe MerouTT in a pure state is rarely found, but occurs 
disseminated in liquid globules in cavities in the cinnabar- 
bearing rocks, especially at or near the surface. It is easily 
recognised, and a rock suspected to contain metallic mercury 
may be tested by simply heatiug it as described above, but 
without the addition of carbonate of soda. 

Cinnabar Deposits. — Cinnabar occurs in the Palatinate aa 
lodes, and impregnations which have penetrated ^rom the lodes, 
in strata of Carboniferous age, and in the eruptive rocks which 
traverse them — viz., porphyry, melaphyre, and amygdaloid. 
These deposits are nearly exhausted. 

At Idria, Austria, cinnabar is found in impregnated beds 
and stockworks in bituminous shales, dolomitio sandstones, and 
limestone breccias of Triassic age, dipping 30° to 40°, and 
covered by Carboniferous sandstones and shales in a reversed 
positioa. This deposit baa been worked for nearly 400 years, 
and is aaid to become richer as the depth increases. 

The quicksilver deposits at Almaden, in Spain, have been 
mined still longer, for in the time of Pliny 10,000 lbs. were 
sent annually to Some from these mines. They occur in upper 
Silurian slates, sometimes interstratified with beds of lime- 
stone; but rarely in the ordinary slates, which are much 
contorted. The enclosing rock usually oonsista of black car- 
bonaceous slates and quartzites alternating with schists and 
fine-grained sandstones. 

These bed-like deposits incline, near the surface, at an angle 
of about 66°, and then dip almost vertically. They consist 
principally of quartz with either granular or compact cinnabar, 
which permeates the mass generally, and is concentrated in 
pockets and bunches; while the clefts and cavities by which 
the deposit is traversed often contain native mercury. Veins 
of cinnabar occur in the neighbourhood and also eruptive rocks, 
diorites, with which the deposit seems to have some relation. 

At Monte Amiata, in Italy, cinnabu deposits are associated 
vith munmulitic limestone i^ich, in that distriot, rests uncon- 
formably on Cretaceous rocks. The cinnabar occurs in veins 
of calcite, which intersect a fine-grained aigillaceons limestone ; 
it also permeates the clays along lines of fault. It is more 
plentiful at the upper and lower surfaces of the nummulitio 
limestone than elsewhere, but has a widespread sur&ce distri- 
bution. A large quantity of mercury is extracted annually. 

The quicksilver-bearing belt of Cattfornia extends along the 
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coast range for a dietance of &bout 300 miles. Their general 
mode of occurrence is thus described in a report by M. Gr, Rolland 
{Ann. det Mine*). 

" These deposits are generally impregnations in the Oretaceons 

and Tertiary fonaations ; they seem to be richer when the beds 

ire more sohiatose and transmuted ; they are more or less closely 

relation with serpentines which are themaelves sometimes 

.pregnated. The cinnabar is mostly found in talcose and 
clay schists, often decomposed and impregnated with oxide of 
iron, sometimes in quartzose schists, in sandstones, more rarely 
in limestone rocks, limestone breccias, &c. Native mercury is 
found in some magnesian rocks near the surface. There are 
no defined fissures nor veins proper. The cinnabar with quartz, 
pyrites, and bituminous substances is sometimes disseminated 
in the rock in line p^irticles and spots, sometimes forms certain 
kinds of stockworka or reticulated veins and nests. The parts 
thus impregnated congregate and form rich zones, the size of 
which occasionally reach 80 fathoms, and the percentage 35 per 
cent., and flat-like Teins or lenticular deposits, the strike and 
dip of which agree with those of the schists of the country 
generally. These rich zones without defined limits gradually 
merge into poor stuff containing half a unit per cent., or mere 
traces, and are of no value." 

Sulphur Bank, one of the principal mines, was originally 
worked as a enlphur deposit. Sulphur in workable quantities 
is known to exist in some volcanic countries, and volcanic rocks 
are abundant at the Califomian cinnabar mines. 

The author previously quoted remarks that a trachytic lava, 
probably of post^Eocene age (Tertiary) is quarried for the 
cinnabar with which it is impregnated, and adds : — " Some 
geyserites (siliceons deposits from geysers) and some modem 
deposits, calcareous or siliceous, of concretionary form, and 
produced by old hydrothermal springs, are coloured by cinnabar. 
Lastly, there are actually geysers and hot springs which deposit 
cinnabar." 

He quotes the Steamboat Springs, Nevada ; the Iceland 
Geyser ; the Ohaeawai Springs in New Zealand ; and the 
Sol&tara of Fuzzuoli, near Naples. At the Steamboat Springs 
the percentage, though very low, ia not so low as to be neglected, 
and a deposit of cinnabar which is being worked, and is, at the 
same time, in process of formation, can be seen there. 

In a very interesting paper published in the Tranaaetiorta oj 
the IntUtution of Mining and Mttallwgy, vol. iv., Mr. James Moo- 
tear says, in speaking of the Mexican deposits, " It would seem 
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MS if the general line of the Oalifomian deposits was oontinaed 
through uie Mezicaa mountain ranges, but there seems also to 
be another line of deposits extending in a direction north-east 
and soath-west." He also says, "It is foond that there are very 
considerable difietenoes to be met with both as regards the 
character of the quicksilver deposits themselves and the nature 
of the associated rocks; but it is abundantly clear that the 
deposits have in all cases resulted from the action of mineral 
springs. There can scarcely be a doubt that these were hot 
spriogB similar in character to those now in action in California 
and New Zealand." 

In Queensland, at Kilkivan, near Gympie, cinnabar ooours in 
lodes of calcite, and sometimes of oiucite and quartz. These 
have not been worked yet on an industrial scale, so that little 
con be said erf their extent in depth ; but it may be concluded 
from the few known occurrences in the world that quicksilver is, 
of all ores, the most likely to impregnate large belts of countrj'. 

Cinnabar has been found in alluvial deposits in New South 
Wales, and also at Waipori, in New Zealand ; in the latter place 
it occurs as rolled fragments in the wash. 

One of the most interesting localities in New South Wales is 
on the Oudgegong Biver, near Bylstone, and has been described 
by the late Mr. 0. 8. Wilkinson as follow! : — " Perhaps the most 
important feature connected with the occurrence of the ore is that 
the solid cinnabar is sometimes seen to gradually merge into, or 
impregnate, the clay or drift of the deposit in which it is found. 
This is, then, direct evidence that it has not been drifted by 
maning water, like the water-worn pebbles and other material 
forming the old tertiary lead ; but that it has probably been de- 
rived from thermal waters which issued irom the underlying 
Devonian rocks, and permeated the tertiary deposit." 

Deposits are traced by the occnrrenoe of red grains of cinna- 
bar in alluvia; those cannot be confounded with red hematite 
nor red oxide of copper if the blowpipe is nsed. As to the 
appearance of the ore, it is very variable, and it will be useful 
to quote the Tarieties of colour it assumes at Idria, and the 
names by which the different clasBeB are distinguished by the 
miners there. 

StBhlers (steel ore) contains 75 per cent, of mercury, and 
occurs in a compact or fine granular form. 

Leberen (liver ore) is compact and lustrous, usually forming 
nests in the stahlere. 

ZiegelerE (brick ore) is sandy, granular, and of a bright red 
oolour. 

11 
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In all the aboTe-mentioned deposits, cinnabar is fonnd in 
connection 'with rocks impregaated with carbonaceous or bi- 
tuminoQH matter, and in every cue where deposits have been 
worked upon an extensive scale, there is evidence of great 
volcanic disturbances, which have Apparently been the cause 
of the depositioa during the solfatara stage of eruption. 

Annual Produce of Heronry. — The aunoal output of mer- 
cury for the world is stated to be about 100,000 flasks of 
76-5 lbs. each, and Spain produces about one-half of this. 

Payable Orades. — To give some idea of the grade of ore 
that is payable, it may be mentioned that the New Almaden 
mine paid {267,478 in dividends on mining 22,615 tons of ore 
yielding 2-02 per cent., and $53,611 on mining 25,584 tons of 
ore yielding 1-22 per cent, of mercury, but, of course, the condi- 
tions vary in every different locality. At the Oomacchino mine, 
in Italy, where labour is very cheap, a substantial profit is made 
by treating ore which only contains 0'6 per cent, of mercury. 
The average price of quicksilver is about £G, 10s. per flask, but 
is now quoted at abont X8, l&s. per flask. 

TABLE OF MERCURY ORES. 



UlDSTBl. 




Bard- 


SpeolBo 
GrsTltj. 


Str™k 


B«iniilB. 


Cinnabar, . 

QaickKilver, . 


Sulphide oi 
Mercury 

Native 


Si 


8 
!36 


Red 


Volatilewhen heated 
and yielda meronry 
with carbonate of 
■oda. 

Volatile when 
heated. 



CHAPTER XIIL 

COPPER. 

The minerals and ores of copper are generally easy to recognise 
in consequence of their very conspicuous colours ; they are also 
the most commonly known, both for the above reason and also 
on account of their frequent occurrence. 

General Charaoters of Copper Ores. — All copper minerals, 
with carbonate of soda on charcoal, yield before the blowpipe a 
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bead of copper, which aometimeB contains iron. They impart a 
green colour to the flame, and colour the borax bead green. Id 
nitric acid they give a green eolution, which becomes azure blue 
when ammonia ia added ; and metallic copper will be deposited 
on iron in a nitric acid solution. 

ClasBifloation of Copper Ores. — They may be sabdtvided 
into those ores in which copper is in combination with sulphar, 
arsenic, or antimony alone ; and those which a 
are classified in the two following tables : — 



TABLE OF UNOXIDISED COPPER ORES. 



H..^ 


^S" 


Copper 


H«rd- 


Sp«lBe 
Qmvlty 


screak. 


Remuki. 


Native copper, 
Chaloopyrite, . 

Bornite or eru- 
bescite, 

grey copper, 

Tennantite, . 

EnftTgite, 

Covellite, 

copper glance, 
Bouniomt«, . 

AnrenideB of 
copper, 

Stannine, 


S,Fe 

S, Fe 

a, Sb, Ab, 

Zn,Fe,Ag, 

Hg 

S, As, Fe 

8 
8 

Sb,S, 
Pb 41 7„ 

8,Sn 


34 

55 
35-40 

51 

47 

66 

79 

13 

70-88 

24-30 


2-5-3 
3-5-4 

3 
3-4 

4 

3 

1-5-3 
2-6-3 

2-5-3 

3-4 

4 


8-4-89 

4 

5 
6 

4-5 
4-4 
4 

a -8 

a-8 

7-8 
4-3-4-5 


Shining 

Qreenisb- 
black 

Black 

Dark 

brown 

black 
Reddish- 

bS 

Black 
Black 

Dark 

grey 

Black 


Metallic and duc- 
tile. 

YeUow, often iri- 
descent (peacock 

Purple, crystals 

Streak dark red; 
when rich in zino 
mineral; grey. 

Crystallised or 

massive. 

Indigo bine. 
Very eaaily soctile. 

Before blowpipe 

grey malleable 

Take's silvery 
polish ; tainiBhes 
on eTcpoflure. 



?n, Zino ; Pb, Lead ; 
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PROSPECTING FOK MINERALS. 

TABLE OP OXIDISED COPPER ORES. 



Ulntral!. 


Composition. 


Copper 


Hinl. 


Spsdae 
GrsTltr- 


COIO^ 


^^ 


MelaooDite, . 


Oxide 


80 


3 


6-2 


Black 


[Taoally earthy, 
BoiUng the fin. 


Cuprite, 


Glide 


SS 


3 5-4 


6 


red, 

streak 

broKn 


often covered 
withmalachite. 


ChalcMitUte, 


StUphate, 


25 


2 5 


2-2 


Blue 


Crnits and 

m wate'r. 


Azoribt, 


Carbonate 


55 


35-4 


3-8 


Aznreblue 


Often In radiated 
orygtalli«ed 


Malachite, . 


Carbonate 


57-5 


3-5-4 


4 


Emerald 
green 


Often mammU- 
lated and fib- 


LibetheDite, . 


Pliosphate 


53 


4 


3-8 


Green, 


SmaU crvatalB, 
Burfaoe dark. 












■treak 












greenisli- 














yellow 




Atscamite, . 




44-5 


3-3-5 


3 7 


Dark olive 

green 


Crystallised, fib- 


Arseniktet of 




60-60 


3-4 


3 5-4 2 


Green 




copper. 












tallised. 


ChryTcoila,. 


Silicate 


37 


2-3 


2-2 


Greener 

blui<h 


Crusts and coat- 
ings. 


Dioptase, . 


SUioate 


40 


S 


33 


Emerald 

green 


CrystalliBad; 
rare. 



ZTatlTe copper, in the celebrated oopper region of Lake 
Superior, in Korth America,, forma tbe regular ore of the mines. 
It occurs in grains of all sizes, and ocoaBionally in huge masses 
of over a hundred tons in weight, in beds of conglomerate, alter- 
nating with trappean rock. 

Copper Ores, — Copper pyrites or chalcopyrite is the most 
e»mmon ore in nearly all the copper deposits of the wopld, while 
bine and green carbonates, in crystals, concretions, or impreg- 
nations are the surfaoe ores formed bj the decomposition of 
coj^r pyrites and other ores of copper, 

Copper also occurs combined with sulphur as bornite or 



purple copper ore ; redruthite, or copper glance ; and tetra- 
hediite or grey copper. These generally accomputy copper 
pyrites, being more or less abundant, and Bometimes become 
the principal ore in the lode, as, for instance, purple copper in 
Tuscany, grey copper in Germany, and copper glance in Siberia 
and New Zealand. 

The carbonates are accompanied near the surface by other 
oxidised ores, such as cuprite or red oxide of copper, melaoonite 
or black oxide of copper, as well as the phosphates, arseniates, 
silicates, and oxychloride. Of these, cuprite and melaconite are 
the moat important, and sometimes form the permanent ore of 
mines to a considerable depth. 

These oxidised surface ores are nsually mixed with hydrous 
oxide of iron or gossan forming the cap oi the lode. 

To understand the occurrence of gossan in the upper parts of 
a lode, it must be borne in mind that copper pyrites and purple 
ore are sulphides of copper and iron The surface waters which 
percolate through the rocks remove the sulphur and copper as 
sulphate of copper, leaving the iron in the form of a more or 
less spongy and honey-oombed mass, which is called "gossan." 
It is consequently easy to anticipate from the nature of a gossan 
if the ore lying below is likely to be a rich compact copper ore, 
or whether it is mostly composed of iron pyrites carrying little 
or no copper. In the first instance the large percentage of 
copper which has been removed must have left the iron in a 
very porous condition ; while in the latter the gossan will 
generally be more compact. 

Copper pyrites is not generally found pure immediately below 
the gossan, but a richer ore, commonly called " black ore, which 
has no special mineralogical name, is first met with. It is black 
and earthy, like manganese or black copper ore, but, if broken, 
nesta of copper pyrites will generally be found in the centre, 
and the ore passes from black to yellow through intermediate 
shades of bronze. 

What is called "peacock ore" is only copper pyrites coated 
with oxide and exhibiting iridescent colours. By leaving a 
piece of clean yellow copper pyrites in water for some time it 
will become coated in this way. 

The easy decomposition of copper ore under the influences of 
the atmosphere explains why the waters at some copper mines 
are quite unfit to drink. It is well known that tools abandoned 
for a time in old workings become covered with a coating of 
metallic copper, as if they had been left in a bath of sulphate of 
copper. 
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Native copper in copper lodes is also & prodact of deoomposi- 
tion of Bolpliides, and is often found as platea, when deposited 
on tie Bide of a cavity or fissure j or as ramified cryatals, when 
deposited in a soft clay, 

Sweats for Copper Ores. — The various copper minerals 
ennmerated in the tables may be distinguished in the following 
inanner, a bead of copper having first been obtained from the 
specimen before the blowpipe ; — 

The Bead of Ooppek contains Ihoh, and is THEBBroBB 

ATTRACTED BY THE MaONBT, 

a. Colour of mineral, gold-yellow ; sometimes iridescent on 
surface. Copper pyrites. 

6. Colour, black on surface j fracture shows the colour of 
copper pyrites in the interior. Black ore. 

c. Colour, violet or between copper-red and reddish-brown, 
Erubescite. 

d. Colour, ateel or lead-grey, or iron-black. 

OPey Coppep, before the blowpipe, yieldi abundant famet of antimony. 
SDlphnr ii always present, Mtd «-»emc u sometime* detected. 

Tennantlte.-^dour of garlic due to arsenic is prominent, and solphnr 
alfo present. 

The Bead or Copper is hgt attracted bt the Magnet. 

1. Luttre metallic, semi-melallie, t 



a. Colour, indigo blue ; lustre, not quite metallic ; more nearly 
resinous when crystallised, and resinous or dull when massive. 
OovelUte or uuUgo copper. 

6. Colour, iron or steol-grey ; lustre, metallic. 

BedPUthlte. before blowpipe, is very fusible, and yields a amell of sul- 

Boumonite is easily fnsible, and emits white fames due to antimony. 
MelaCOnlte is infusible. 
2. LuilTt non-Tnetallic. 

a. Colour, black ; earthy, soils the fingers. Molexioiiite. 

b. Colour, cochineal red ; dust, brown-red. Cuprite. 
e. Colour, blue ; soluble in water. Cluloantlilte. 

d. Colour, blue or green ; insoluble in water. 

AZUrite, wbick is blue, and malachite, green, are fusible, and their 
powder is soluble in acids with eServeacence. 

libethenlte, Atacamlte, and Arsenlate of Copper are green, 
toaible, and soluble in acids without effervescence. Atacamite colours 
the Same, near the aiibitAnce, blae, and arseniates of copper emit smell oC 
garlic before the blowpipe. 

ChrysOCOlla and Dioptase are green, and infusible. 
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Clwieopynte, or copper pyrites, ia only to be compared with 
iron pyrites, which it somewhat closely resembles. It will not 
be mistaken for gold, although it has the caloar of that metal ; 
nor for stannine, purple copper ore, or variegated copper. 
Stannine, although sometimes yellowish, has a greenish hue, 
and copper pyrites is distinguished frtun iron pyrites by being 
easily cut by a knife, and crushed to powder with a hammer ; 
while iron pyrites is much harder, scratches glass easily, and 
strikes fire with steel. Iron pyrites, in consequence of surface 
decomposition, sometimes exhibits the variegated colours of the 
so-called peacock ore, and is likely to be mistaken for it in this 
state if not tested with the knife. It is always advisable to 
examine the colour in a freshly-broken specimen, when the 
yellow colour of copper pyrites is characteristic. 

Qrey copper, including UnwnUite and enargite (which are only 
varieties) are not so easy to distinguish, their steel grey colour 
being similar to that of many other minerals. 

When crystallised they sometimes resemble sinoblende, but 
this last mineral gives a white dust when scratched, and is 
infusible. More complicated crystals are liable to be con- 
founded, at first glance, with hematite or specular iron, arseni- 
cal cobalt, and grey cobalt, both of which latter contain arsenic, 
and with silver glance or argentite. 

When massive, the analogies with other minerals are still 
more numerous. Grey copper and its varieties may be mis- 
taken for magnetic iron, chrome iron, mispickel, geradorffite, 
stihnite, the cobalt ores mentioned above, argentite, or red- 
ruth ite. 

The iron and chrome ores are much harder than grey copper, 
and are moreover infusible. The nickel and cobalt ores are very 
heavy, which is sufficient to distinguish them ; besides which, 
they will he recognised by means of the borax bead. Mispickel 
is silver white, and when struck with a hammer smells of garlic; 
while the light-coloured varieties of grey copper, which might 
be mistaken for it, do not contain arsenic. Stibnite is fusible 
when brought near the flame of a candle, and volatile when 
heated before the blowpipe. Sulphides of copper and argentite 
are sectile and malleable, while grey copper is brittle i besides 
which, the sulphides smell of sulphur when heated before the 
blowpipe, while grey copper gives white fumes due to antimony. 

BournoniU, when massive, is also likely to be mistaken for 
grey copper, and a reduction on charcoal with soda will be 
necessary to distinguish them, when a bead of lead and copper 
vill be obtained from bournonite. When the prismatic crystals . 
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of bonmonite are longitudinally striated, they reeemble stibnite 
and the prismatic manganese oxides, but the monganeBe orea are 
infusible, and atibnite volatilises entirely before the blowpipe. 
A ready test for bournonite is its fracture, which is perfectly 
conchoid al and shining. 

The ores of copper, whioh do not possess a metallic Instre, will 
be easily distinguished from other minerals of similar appearance 
by the following characters r — 

Cuprite, when crystallised, might be mistaken for ziocblende 
or other ntineralB of the same form, such as magnetite. It will, 
however, be readily distinguished by its red streak. Whan 
lamellar it might be mistaken for red silver ; but this mineral 
gives abundant antimony fumes before the blowpipe. Cinnabar, 
which is also red, will entirely volatilise before the blowpipe ; 
besides which, the difference in speciflc gravity is appreciable, 
that of cinnabar being 8, and of cuprite 6. Coprite will also 
give the green flame due to copper. 

Blaek Oxide of Copper will be distinguished from black earthy 
manganese and cobalt wad by the borax bead in the oxidising 
flame, which is violet with manganese, and deep blue when 
cobalt is present ; while copper alone gives a bead which is 
green when hot, and pale blue or greenish-blue when cold. 

Azurite will be distinguished from lapis lazuli and vivianite, 
when earthy, by being soluble in acids with efFervescenca 
When crystallised, aaurits does not reaemble any other mineral. 

Maioichiu will also be distinguished from other green minerals, 
which are numerous, by being soluble with effervescence in 
acids. The minerals likely to be mistaken for malachite are 
some atseniates and phosphates of copper and atacamite amongst 
the copper ores and, amongst other minerals, pyromorphite and 
copper uranite. These minerals are all green, hut of different 

FyromorphiU will be readily distinguished from copper ores 
by its high specific gravity ; besides which it is not always 
green, hut often yellowish -green, yellow, or brown. Copper 
uranite, which crystallises in laminse, exhibits on the larger 
faces a pearly lustre, and fuses before the blowpipe to a blackish 
mass. The arseniatea and phosphates of copper are soluble in 
ammonia, and the arseniates give before the blowpipe the 
characteristic smell of garlic. Atacamite gives the bine dame 
characteristic of chloride of copper when brought near the flame 
of a candle, it not being necessary to previously moisten the 
mineral with acid. 

Copper Ore Deposits. — Copper occurs in various kinds of 



rock in lodes of very different age. It ia, of course, difficult to 
determine the age of a lode which occurs in crjBtalliite Bchiats 
or sedimentary strata, unless they are overlain by beds which 
are not traversed by the lode and of which the age is known ; 
but some copper deposita have been formed in very recent times. 
Where copper ore occurs ia beds or impregnations it does not 
follow that the ore haa in all cases been deposited at the same 
time as the bed in which it is found. In (rermany, however, 
near M&nsfeld, there is a typical instance which leaves little 
doubt that the ore was formed at the time of deposition of the 
strata or during the Permian period, the formation being known 
as the " copper slate." The average composition of the ore is 
constant over a large area, and the rock contains from 3 to 3 
per cent, of copper with a small proportion of silver and 
gold which make it payable to work with cheap labour and 
fuel. 

Oopper ores occur in true fissure lodes, in crystalline schists 
and in rocks of all ages, and are also common in eruptive rocks, 
especially porphyry, melaphyre, and serpentine ; and in sedi- 
mentary strata from the Cambrian period to Tertiary times. 

Copper very frequently occurs in contact deposits ; where this 
is the case it has been segregated from the eruptive rocks or 
brought by hydrothermal waters which followed the course of 
the dykea, and lies either at or near the junction of one of these 
rocks with sedimentary strata or at or near the junction of two 
eruptive rocks of different ages. A well-known instance of a 
copper-bearing contact deposit is that of Monte Catini, in Tuscany, 
where the rock which carries the copper is serpentine. The ore 
in deposits of this sort occurs in rounded irregular masses, and 
the features of the lodes are of a very variable character. 

It should be borne in mind, especially when exploring a new 
country, tliat copper is frequently associated with rocks of a 
dark colour, which are very often green ; but it must not be 
supposed that the colour is imparted by copper, for it is generally 
due either to some other metal, such as iron, or to the presence 
of a green non-metallic mineral, such bs chlorite. 

Serpentines and hornblendic rocks are often associated with 
copper ores, but green serpentines owe their colour to iron, 
nickel, or chromium; and if copper is found disseminated 
through some of them, it is the exception, and not the rule, 
unlesa in the immediate vicinity of ore deposits. On the con- 
trary, iron and chromium are found in all serpentines, and 
nickel frequently occurs. 

Hornblendic rocks are green, grey, or black, according aa 
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ftctinolite (which is green) or common hornblende (which is 
black) occur in them, Actinolite is of frequent occurrence in 
some Bchiats, and black hornblende in dioriles, and other dark 
coloured rocks which are associated with copper ores. 

Other green minerals enter into the compoaitiou of some 
rocks, especially gabbros, so it may be clearly understood that 
the green colour of rocks is seldom due to the presence of copper; 
and although green rocks are frequently associated with copper 
ores, they are not always to be looked on as indications of the 
occurrence of deposits of this metal. 

Near Wallaroo, the most reputed mines of South Australia, 
hornblende is of frequent occnrrenoe in the rocks of the country, 
which are mica and talc schists, the nearest ridge being com- 
posed of syenite. 

In New Caledonia the copper region oocnpiea both flanks of a 
mica schist range in which hornblende is very common, and 
occurs associated with garnets, chlorite, and white and green 
micas ; and through these rocks serpentine protrudes at places, 
especially in the vicinity of the copper deposits. The main deposit 
which has been worked consisted of several parallel shoots or 
pipes of ore enveloped in foldings of the schists. 

Serpentine occurs in several parts of Australia where copper 
also is known, and also in New Zealand ; but, although serpen- 
tine is frequently associated with metals, and especiuly copper, 
it does not follow that it is always accompanied by such deposits; 
in fact the serpentines of the T>zard in Conrwall, although in a 
copper-bearing district, are devoid of copper ores themselves; 
besides which, although contact deposits are generally numerous 
where they occur, they are seldom of great im[x>rtance, and are 
very irregular. 

Australia is wonderfully rich in copper. It is sufGcient to 
mention Wallaroo in South Australia, Peak Downs and Clon- 
curry in Queensland, Cobar and Nymagee in New South Wales, 
and Mount Lyell in Tasmania. 

Copper ores generally occur with quartz as a gangue ; but 
occasionally some other minerals, such as fluorspar, barytes, and 
calcite, are found in association with them. 

The ores of copper, or indeed of any metal, are always associ- 
ated with other ores in greater or less quantities; but those 
veins in which there is the least variety are generally the most 
valuable, since they are more easily concentrated, and their 
metallurgical treatment is more simple. 

Copper ores, especially copper pyrites, gtey copper, and mela- 
conite occasionally contain silver and gold. At Lake Superior 
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native copper often containa nuclei of pure silver enclosed in 
the mass of copper without being alioyed with it. 

Iron pyrites sometimea contains copper at the rate of a few 
nnits per cent., as in Cornwall and at Huelva in Spain, where 
some extensive deposits of pyrites are worked for sulphuric 
acid and yield 1 or 2 per cent, of copper, with a very amall 
proportion of silver and gold, but still sufficient to give a 
reasonable profit. Poor copper ores or cupriferous tailings, 
when in sufficient quantities and when suitable materials are 
at hand, can lie worked very cheaply by one of the many wet 
processes known, and particles of the sulphides of copper when 
BO finely disseminated through a matrix as to render any system 
of water concentration inapplicable, can be collected by the 
Elmore process of oil concentration. 

Yellow copper ore is seldom pure copper pyrites, but is gener- 
ally nixed with more or less iron pyrites ; so that an assay is 
always necessary to determine the value of an ore. It is often 
the case that a picked specimen of apparently pure chalcopyrite 
mixed with a small quantity of quartz will yield about 25 per 
cent, of copper, or even less, instead of over 33 per cent., which 
it should do theoretically. This low return is not due to the 
presence of quartz alone, but to an admixture of iron pyrites ; 
and it is seldom the case that a ooncentrated pyritous ore yields 
more than 15 per cent, of copper on an average in a large 
consignment. 



CHAPTER XIV. 
Tin — Titanium — Tungsten — Molybdenum. 

Tin. 
Casaiterlte or oxide of tin is the only ore of this metal, although 
another mineral, Stannine, containing tin, copper, and sulphur 
is known. Stannine is not sufficiently abundant, however, to be 
of much importance, and, although it has been found in lodes of 
some size in Comwidl, it is sold aa an ore of copper and not of 

Tinstone stands nearly by itself in its mode of occurrence and 
formation, as a type of a strongly marked class of deposits. It 
is always associated with granitic rocks, quarta -porphyries, or 
gneiss, all of which are of analogous composition, being rich in 
silica, which orystalliaes as quartz, and being called in consequence 
"acidic" rocks. Tin lodes are nearly all of great antiquity and 
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occur only in those of the above-named rocks which are charao- 
terieed by the presence of white mica. It is only in two or three 
places in the world, notably Tuscany and Elba, that granites of 
this type have been erupted during recent times, and they 
contain tin in small quantity, as well as some of the minerals 
usually associated witn it, such as tourmaline, lithia mica, and 
emerud. 

Although this fact is of no immediate practical value, it is 
important, because it shows that there really are laws which 
govern the distribution of minerals, although these are sometimes 
Tery obscure ; but by constant observation it is certain that, 
amongst discoveries of merely Boientific interest, laws capable 
of practical application will occasioaally be found. 

Tinstone is always associated with quartz and rarely occurs 
in green rocks, unless their colour be due to chlorite ; nor in 
dark coloured rocks, except where stained red by the decom- 
position of ferruginous minerals ; neither is it found in lime- 
stone. 

Those granites which are characterised by abundauce of white 
mica have, with good reason, been termed "tin granites," and a 
coarse-grained rock composed of granular quartz mixed with 
white mica, and called "greisen," occurs in all the tin fields of 
the world — e.g., Cornwall, Germany, and Australia. 

The minerals most commonly associated with tin — viz., topaz, 
mica, tourmaline, fluorapar, apatite, and other rarer minerals 
containing fluorine — seem to show that it was originally contained 
in the granite as fluoride of tin, and that the associated minerals 
have been formed at its expense. It is an established iact in 
the genesis of minerals that fluorine is always accompanied by 
silicon and boron ; it is therefore natural to And silicates con- 
taining boric acid, such as tourmaline and axinite, in association, 
with tin. Other minerals which frequently accompany this 
metal are wolfram, molybdenite, mispickel, garnet, beryl, &o. 

Tin appears to have been brought to the surface disseminated 
through the granite in which it occurs; and has subsequently 
been concentrated in all the cracks and joints of the rock, 
forming in many cases a perfect network of veins known aa 
stockworka; the best known instance of this class of deposit 
being in the Eragebirge Range in Saxony. At Zinnwald, the 
tinstone is concentrated in a number of curious concentric zones, 
which, for a thickness of about I foot, are impregnated with tin, 
BO that the whole of the rook has to be removed for the extrac- 
tion of the ore. The rocks constituting these zones are greisen 
impregnated with tinstone and wolfram, and they have been 
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frequently displaced by vertical and inclined fissares which 
reach the surface. 

The tinstone in these beds appears to have been formed 
contcmporaneoQsly with the greiaen in which it occurs, and 
the greifien itself is probably a granite altered in sxiti, topaz 
being formed at the expense of alumiaona silicates. 

The stockwork at Oeyer consists of a mass of granite in mica 
schists, traversed by numerous tin lodes, from which the ores 
and other minerals have penetrated into the joints of the 
granite. The same veins extend into the surrounding mica 
schist, but there they appear to contain less ore. Considerable 
confusion exists in the use of the term "stockwork," and so the 
foregoing instances are given in illustration of this class of de- 
posit, bub in the chapter on " Irregular Deposits " the different 
characters have alresidy been described. 

The Altenberg deposit consists of a rock called "stockwork 
porphyry," or "zwitter rock," and is tin-bearing throughout; 
but the ore is so finely disseminated as to be hardly perceptible, 
and in such small quantities that often one-thiid to one-half 
per cent, only can be produced from it. The rock is a fine- 
grained greisen, and the term of porphyry is very inappropriate. 
It mei^es gradually into the surrounding country, which is com- 
posed of granite, chloritic granite, porphyry, and quartz por- 
phyry, no clear line of demarcation existing. The rock is dark 
coloured, sometimes almost black, and consists of quartz, mica, 
chlorite, tinstone, &o., and pyrites is disseminated through it in 
minute particles ; but the quartz alone can be distinctly recog- 
nised; it frequently occurs as grains without crystalline struc- 
ture. Molybdenite, bismuth glance, copper pyrites, iron pyritesj 
fluorspar, topaz, itc., also occur, and the rook is traversed by 
numerous quartz veins. 

Tin ore often occurs disseminated through a rock in which the 
boundaries of the stanniferous deposit are not well marked, and 
two classes of these deposits may be distinguished. 

1st. Disseminations or impregnations formed at the same time- 
as the rocks in which they occur. 

2nd. Impregnations in which the ore has been introduced by 
the mineral waters, which charged the lodes, traversing the 
rocks. 

This last class of impregnations is well illustrated by the 
stanniferous capels which adjoin many tin-beariog lodes, and 
are very variable as regards their width. Tin floors are also 
illustrations of their disposition. 

The ore ia found in places as crystals and crystalline patches ; 
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in others, the particles are bo finely divided as to be invisible 
to the naked eye ; and in others, again, it occurs as minute 
fipberical aggregations. 

Tinstone also occurs largely in lodes, and these are generally 
the oldest lodes of the district ; but in some cases in Cornwall 
copper lodes have been known to change to tin in depth, bo that 
this law cannot be looked upon as infallible. 

Tests for Oaasiterite. — Cassiterite or tinstone is a mineral 
which should be very readily recognised, and yet there is 
probably no other ore for whioh so many different minerals are 
mistaken. Its specific gravity alone, between 6'8 and 7*1 should 
be sufficient to distinguish it from the greater number of minerals 
which resemble it more or less closely. 

Jiutile most closely resembles tinstone in crystalline form and 
external appearance, but it is much lighter; specific gravity, 42. 
The streak or powder of rutiie is brown-yellow, while that of 
tinstone is from light grey to brown. 

Wolfram has nearly the same specific gravity as tinstone, 
and so will be associated with it in the tin dish, but the streak 
of wolfram is black or reddish-black, and the hardness about 
that of glass, while tinstone is much harder. 

Zinchlende, commonly called " black jack," is not heavier than 
Tutile, specific gravity 4'3, and is not so hard ae either rutiie or 
tinstone, being scratched by a knife. Its streak is yellowish- 
white to brown, approaching that of rutiie, and its lustre and 
external appearance are much like tinstone. When it contains 
much iron and is black, and especislly when found in alluvial 
beds, it resembles tinstone, but will be easily separated from it 
in the tin dish, or recognised by blowpipe tests. 

Many other minerals are at times mistaken for tinstone, but 
they can be very readily distinguished. 

Chromite has about the hardness of glass or wolfram, but is 
not BO heavy as that mineral. In the tin dish it would be found 
with rutiie, ifec, its specific gravity being 4-5 ; so that it would 
be readily separated from tinstone. It also affords a green bead 
with borax. Magnetite, titanic iron, and specular iron have all 
about the same specific gravity, and will, as well as chromite, 
yield a magnetic bead when heated on charcoal with soda; 
magnetite and titanic iron are themselves magnetic. 

The genu which are sometimes taken for tinstone are all 
harder than orthoclase, and, with the exception of guuet, will 
not be scratched by tinstone itself. The lightest of these are 
spinel, specific gravity 3'5, and tourmaline, specific gravity 3-2 ; 
and it is only the black varieties which are liable to be mistaken 
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for tinstone. Tonrmaline which crystallises in prisma ; and 
garnet in rhombic dodecahedrons, are both fusible before the 
blowpipe ; but, apart from negative tests of this sort, tinstone 
tnaj be readily reduced on charcoal, with cyanide of potassium, 
to a metallic state. The tin t^ns obtained will not give any 
white or coloured coating on charcoal like zinc, lead, anti- 
mony, or bismuth ; and when the fused mass and charcoal are 
scraped off, crushed in an agate oiortar, and washed, the tin will 
be separated in metallic scales. 

The mode of occurrence of the different minerals will also 
afford some guide as to their characters, except of course when 
they are found in alluvial deposits. 

Casaiterite Deposits. — Tinstone, as already mentioned, is 
essentially a mineral of the acidic eruptive rocks, such aa granite, 
quartz-porphyry, and greisen; but it also occurs in lodes travers- 
ing crystcdline schists, such as gneiss, mica schist, or chlorite 
schist, and also in clay.a!ate, or " killas," but never at a greater 
distance than 3 miles from granite. 

Wolfram also occurs in lodes, as at the East Pool mine, near 
Bcdrntb ; but rutile, zircon, garnet, and tourmaline mostly 
occur either disseminated through the rocks or crystallised in 
cavities. Wolfram and tourmaline are generally found in tin 
bearing rocks, but spinel (pleonaste), chromite, and titanic iron 
are generally associated with basic rocks of dark colour, such 
as serpentine, basalts, Ac, and are, therefore, less likely to he 
mistaken for tinstone. Magnetite occurs in considerable masses 
in crystalline schists, horoDlende schists, and serpentines ; and 
is also disseminated as grains through many eruptive rocks, 
such as basalt ; but it is chiefly associated with chlorite. 

Hfematite is found in rocks of all ages and of every description. 
Lastly, zincblende occurs in lodes, especially with quartz con- 
taining galena, gold, &c. 

In alluvial deposits tin occurs, under the same conditions as 
gold, in river beds of various age, which are sometimes covered 
by flows of basalt. Some leads are worked under the basalt in 
the northern part of New South Wales, and are known as 
''deep leads" as well as the similar auriferous deposits; but 
those which can be easily drained are rapidly becoming exhausted, 
and the more heavily watered leads will require to be worked 
on a more extensive scale to be profitable. 

Rolled tin ore la in some places found in boulders of consider- 
able size, from 5 to 20 and even 36 pounds in weight; for 
instance, in the Butchart tin mine. This mode of occurrence 
is similar to that of the tin in the Straits Settlements, and 
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ehowB that aome of the lodes muat contain pockets of ore of 
Urge aizB. 

When stream tin ore is derived from concretionary lodes, 
«ach as occur in Gomwall and elsewhere, it assumes a radiating; 
fibrous appearance which makes it resemble wood, in consequence 
of which it is called " wood tin." Occasionally the fragment 
preserves the impression of a crystal of quartz on which it haa 
been formed. When the concretionary structure is marked only 
by small mammillated tubercles, it is termed " toad's eye tin " 
or "shot hol'd tin." 

When stream tin is coarse, it often preserves its orystaUine 
structure, eaid crystals as much aa an inch in length, in which 
the edges only are rounded, are not very rare. 

In alluvial deposits, it may be remarked, tin ore has generally 
been separated irom its associated sulphides and arsenides. 
Wolfram has, in the past, been the most objectionable of the 
impurities which are mixed with tin, as its high specific gravity 
renders the sepai'ation by dressing moat difficult, magnetic 
separators have, however, completely overcome this difficulty. 

Tinstone assumes many different colours and shades^-«.7., 
ash-grey, light brown, pink, ruby-red, amber-yellow, dark brown, 
and blat^. Its streak, therefore, varies irom white to grey. 

Chemically pure stannic acid being white, those specimens 
which are lightest in shade will be the purest. Some specimens 
from the Giant's Den, Kew South Wales, are pure white. 

Very dark-coloured varieties generally owe their black shade 
to manganese or iron, which can often be detected by the blow- 
pipe ; and, more rarely, tantalic acid is present, also giving a 
dark colour to the ore. 

The Mount Biachoff deposit of tinstone in Tasmania occurs 
under circumstances which are quite exceptional. 

Mount BiechoQ* rises nearly 3,000 feet above sea-level. 
Within 160 feet from the summit there is a crateriform depres- 
sion of several acres in extent, the sides and bottom of which 
have been composed of a rich tin-hearing detritus resting on a 
bottom of slate. The depth of the deposit was about 30 feet, 
and the rich detritus was composed of the elements of the rock 
itself, a kind of enritic porphyry which has decomposed in litA. 
Tin ore lodes have been found high up the mountain side. 

TlTAlfHTM. 

Titanium occurs in nature in the form of titanic oxide ; but 
there are three minerals which have this composition, although 
they vary in their crystalline form. 
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Bntile reBembles tin ore in appearance, and occurs, Bometimes, 
tmder similar geological condition ; but the crystals of rutile are 
more needle shaped or columnar, anil they otlea penetrate cry- 
stals of quartz or felspar. In quartz reefs rutile often accom- 
panies gold, and is sometimea associated with chlorite, as also is 
tin ore. It is used for preparing acme enamels. 

Octahedrite occurs in elongated octahedrons, sometimes so 
splendent as to be mistaken for diamonds ; and 

Brookite is found in reddish-white plates with striated sur- 
faces, and of a bright red colour by transmitted light. 

The mode of occurrence of these two minerals is frequently 
the same as that of rutile, and they also sometimes accompany 
gold. Their lustre is adamantine, and they are likely to attract 
the eye when found in alluTial deposits, in which they are fre- 
quently associated with the diamond. 

Titanic acid is employed for making a yellow colour used in 
painting porcelain, and also for giving the requisite tint to 
artificial teeth. 
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ITS PROSFECTINQ FOR HINERALB. 

TUHGBTXl'. 

Wolfram, which is the tungstftte of iron and maDgaaese, 
often accompanies tin, native biemuth, and topaz, as already 
stated. Its specific gravity is nearly the same as tinstone, and 
it is in consequence very troublesome to the tin miner. Its 
colour is black, and it is generally found in crystals -with large 
cleavages, or in laminie with & semi-metallic lustre. The thin 
laminn are opaque. 

Woliram is used in the preparation of some colours and 
enamels, and enters into the composition of some special kinds 
of steel ; besides which tungstate of soda, which ia used as a 
mordant and for fireproofing fabrics, ia prepared from it. 

Tungsten may also be used as a substitute for tin in the 
manufacture of purple of Cassius. 

Scheelite, which is a tungstate of lime, occurs in irregular 
masses in a quirtz lode traversing crystalline schists near the 
bead of Lake Wakatipu in New Zealand, and also near Armadale 
in New South Wales. It is white, and very heavy for a white 
mineral, having a specific gravity of 5*9 to 6'I. It forms a blue 
bead with microcosmic salt in the reducing fiame. 

MOLYBDENUU. 

Ifolybdenite, or sulphide of molybdenum, occurs in New 
South Wales in quartz reefs containing tin and bismuth, and 
worked for the latter metal ; it is also frequently met with as 
fiakes and crystals in crystalline metamorphic rooks. Id Oali- 
fornia and Sweden it occurs in considerable quantities in this 
disseminated state, and were the demand constant a fairly large 
supply could doubtless be secured. It is usually accompanied 
by an earthy yellow coating of molybdic oxide, called molybdite. 

Molybdenite is used for the preparation of blue carmine for 
colouring poroelain, and also for the manufacture of molybdenum 
steeL 

These minerals, wolfram and molybdenite, have been described 
here because they are frequently associated with tinstone in its 
natural repositories. 
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CHAPTER XT. 

Zinc— Iron— Nickel — Cobalt— Uanganese — Cbromiiua — 
Uraniam. 

Zinc. 

Testa, — It has been stated in the chapter on the use of the 
blowpipe that alumina moistened with txitrate of cobalt becomes 
blue when heated ; and that under the same circumBtauces 
oxide of zino becomes green. The ores of zinc should be dis- 
tinguished by this test ; but some of them do oot give a olear 
green, but only a bluiah-green colour ; besides which some other 
oxides are also coloured green by this treatment. The best 
way, therefore, to ascertain the presence of zino, is to treat the 
mineral on charcoal with soda, so as to reduce the zinc, which, 
immediately it is reduced, volatilises, and is again oxidised, 
forming a coating on the charcoaL This coating being heated, 
will assume a sulphur-yellow colour, and become white again 
when cool ; the test, with nitrate of cobalt, can then be made 
on the oxide, and a green colour obtained. 

When oxide of zinc is moistened with a drop of solution of 
sheUac in spirit, it assumes a marked pink colour without being 
heated, whilst alumina, under the same circumstances, is a faint 
yellow with a shade of red. This tast should be tried with the 
two substances in order to note the different shades of colour. 

Among the zinc ores recorded in the table, the carbonates and 
silicates only are at all difScnlt to distinguish from each other. 

The sulphide of zino or zinoblende, commonly called "black 
jack," is easily recognised if treated with hot hydrochloric acid, 
as it gives a smell of rotten eggs (sulphuretted hydrogen); and 
the same result can be obtained without heating if a small 
quantity of pure iron filings is added to the acid. With soda 
on charcoal before the blowpipe ziocblende gives a hepar which, 
with water on a silver coin, tarnishes or blackens it. The red 
oxide zincite is conspicuous by its colour, and is very rare. 
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The carbonates and Bilicatea are nil white, or tinged with 
brown, and will bo idsntilied as followB : — 

SOBATOBED BT CaLOITE, AND VERT EASILY BT A KnIFE — AmOF- 

phouB — Hydrous — Efferreaces with Acid. Zlno Bloom. 
80BATCH8B Oaloite and EVEN Fluob Spar — Nor Sobatched 

TEBY EASILY BY A KviFE. 

1. Efferyesces with acid. Calamine (Smithsonite of Sana). 

2. Does not efiorveace ; ooncretionary or crystallised. 

a. Heated in a tube gives off water. Oalmei or Eleotrio 
Calamine (Calamine of Dana). 

b. Does not give off water when heated. Villemite. 

TABLE OF ZINC OEBS. 
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Zlno Ores. — Zincite occurs in Kew Jersey, U.S.A., associated 
with a mineral called " franklinite," which is an oxide of iron, 
manganese, and zinc. The two minerals are treated as an OM of 
iron, the zinc being deposited at the mouth of the blast farnace 
as oxide, and not inteifering with the production of iron. 

Zincblende occurs in rocks of all ^es, and accompanies ores 
of load, copper, tin, silver, and gold in lodes ; but it is only when 
a large percentage of blende is present that the ore is worth 
treating for idno. In the mines where it occurs with galena, it 
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sometimes forms half of the metallic ore, and can be separated 
from lead and some copper ores mechomcally, its specific gravity 
being very low. Deposits in which zincblende occurs by itse^ 
are so rare that an instance deserves to be meationed. In 
Sweden a remarkable deposit of blende occnra in gneiss forming 
a belt 200 fathoms in thickness, which can be followed for a 
distance of nearly two niilea along its strike. The enclosed 
deposit of zinc ore has a very varying thickness, dips at angles 
from 70" to 80°, and consists of a number of lenticular masses, 
which sometimes attain a thickness of over 12 &tbomB. The 
blende, which is black to yellowish in colour, is occasionally 
accompanied by argentiferous galena, but more frequently by 
iron pyrites and magnetic pyrites. The other minerals found 
are amazon stone, hornblende, talc, chlorite, garnet, black 
tourmaline, and bitumen ; calc spar is rare. i 

Blende is frequently found with silver and gold, and is some- 
times suffidently rich in silver to be treated for that metal, as in 
Portugal and, again, in New South Wales at Broken Hill. 

Those ores in which zinc occurs as carbonate or silicate are 
found in peculiar deposits in limestone, and are frequently 
connected with veins of zincblende. The mineral eolations 
which, in suoh rocks as slate, have deposited blende or sulphide 
of zinc ; when in contact with limestone, have decomposed that 
rock and formed cavities, in which calamine has been deposited 
together with the other 
carbonate and silicates 
mentioned in the table. 

The appended sketch, 
which represents a section 
of the celebrated deposit 
of Moresnet, near Aix la 

Ohapelle, by Mr. Eduard ,, ^j _i^ ^^^ ^^^„^^^. ^ ^^^^^ 
JTuchs, lUustratea the Bm^tonB; 3, quartz and dolomite; 4^ 
mode of occurrence of tchiats and grauwocka ; S, calamine; 
these oxidised ores, which C lincbieadB vein, 
have been, and are being, worked in preference to the sulphides 
which occur in depth. The carbonates and silicates are all 
oxidised suriace ores of zinc, as carbonates and silicates of copper 
are surface ores of copper. 

Iron, 

This group includes some minerals whioh, in consequence -of 
their abundance, are of great value as ores of iron j and others 
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which, being rare, &» of no conunerci&l r&loe. Those of 
imporUnce as iron orea are hnmatite, goethite, limonite, mag- 
netic iron, and siderite. 

They wilt be essily recognised bj the following charao- 
teristica: — HBtnatite, either pore and MTBtnUiaed, or impore 
and earthy, gives a red doit when soratched, and ii anbydrons. 
Ooetliite and limonite both oontain water, and give a brown dost 
or stovak. Magnetite will be roct^nised by brang attracted by a 
magnet, and even sometimes, in a compact mass, acting as a 
magnet itself. Stderite, being a carbonate, will efierreece 
with add when heated, and resembles calc spar, but ia light 
brown instead of white. 

Hteoiatite ooonrs in lodes, but then are not the most import 
tant depoiits known. In the description of stratified and 
irregular depoeita, examples have been given of the occorrentM 
of ^ese ores in beds or lenticular mMues in sbatified rocks. 
They also occnr largely as metasomatio replsoements of cal- 
careous rocks, as in Cumberland and Bilbao. As a rule, 
hiematit« is aaaociated with quartz. 

As deposits of only scientifio interest, haematite is to be found 
in the Brazilian sandstone called itaoolumite and in itabirite^ 
where it ia sccompanied by the octahedral variety of hsmatite, 
*' martite," and where diamonds are also found. It also occa- 
sioDfilly occurs in crystalline rocks, as in granites, and has been 
found in some volcanic rocks of Tertiary age, as in the crater of 
Vesuvius. 

Bven when occurring as a valuable ore of iron, red luematite 
is rarely so pure as the Cumberland and Lake Superior ores, 
but is generally mixed with earthy matters, forming beds of 
great extent. Bed ochre is a soft, earthy luematite containing 
fine clay, and is used in the manufacture of paints. 

OoetMte and limonite, or brown hwmatite, can be con- 
sidered together, the difference between them being only in the 
percentage of water they contain. Goethite is very rarely 
crystallised in definite forms, but generally occnra in fibrous 
concretionary or granular masses. It contains about 10 per 
cent, of water. Limonite is never crystallised in definite crystals, 
but is sometimeB found in fibrous concretionary and often earthy 
masses, and also mixed with sand or clay. It contains from 
8*2 to 10 per cent, of water. 

It occurs in the upper parts of decomposed pyrites or copper 
lodes, where it forms the " gossan," ana it ia also interesting 
to note that some of these gossans have been worked for 
iron ore on the snrfaoe and have changed into copper deposits 
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in depth. Where limonite occurs as & reaalt of the decom- 
position of pyrites it must be expected to contain sulphur, 
whioh will ioterfere in its metallurgical treatment as an ore 
of iron. 

Extensive stratified deposits of these oros occur in Europe, 
vhere they are known as oolitic iron ores. Their percentage 
of metallic iron is low, from 26 to 30 per cent., but they form 
beds sometimes over 40 feet in thickness and corering an area 
of over SO miles in extent. 

The so-called "bog iron ores" which are sometimes very rich 
belong to this group, as also do the " pisolitic ores " which occur 
in pebble-shaped concretions about the size of a pea. 

M^netite exists in lodes, beds, and segregations, sod also 
as impregnations in crystalline schists, generally associated 
with such minerals as chlorite, hornblende, and garnet^ 
which are rich in iron, as well as with quartz. Some of these 
deposits are similar in character to the hematite deposits of 
Cumberland. 

In some places magnetite occurs in very extensive deposits 
sufficient to affect the working of the magnetic needle at a 
considerable distance. The ore when pure contains 72 per cent, 
of meta), and is the richest ore of iron ; but impure magnetites 
also exist in which the contents of metal is as low as 40 per 

Biderite, or spathic iron, occurs in lodes, beds, and segrega- 
tions. This ore is nearly always mixed with the isomorpbous 
carbonate of manganese, diallogite, which increases its value for 
the manufacture of steel. Siderite in lodes often contains sul- 
phides, which necessitates roasting the ore before smelting; but 
when decomposed at the surface it affords a valuable ore com- 
posed of an earthy mixture of iron and manganese oxides free 
from sulphur. 

Another variety of siderite occurs in lenticular concretions or 
disconnected beds, in the coal measures of Europe; and, in con- 
sequence of its concretionary or banded structure, it is called 
sphero-siderite or clay band; and a variety mixed with car- 
bonaceous matter is known as ''black band ironstone." This 
ore often contains phosphorus. 

Titanic Iron is mostly found as eand formed by the degrada- 
tion of rocks of eruptive origin, which contain it as grains or 
small crystals, and in that form it exists as extensive deposits on 
the west coast of New Zealand at Taranaki and elswhere. Titanic 
iron crystallises in the same form as htematite, and consequently 
occurs in mixtures of no definite composition. It baa already 
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beea alluded to in the chapter on tin, u forming put of the so- 
called " blacic tand," so often met with in aUnvial depoaita. 
Titanic iron ia also foand in reina or beds in dioiite, as in 
Norway, where orystala occur weighing aa moch aa 16 lbs. It 
cannot be oonaidered as a volaable ore of iron, as the preaence 
of titanic acid makea it very difficalt to amelt, althongh a small 
quantity ia aud to improTe the quality of steel. 

Vivianite, a phosphate of iron, is a mineral of a deep blue 
or green colour. It is found with iron, copper, tin ores, &o., 
and ia often cryatalliaed in old bonea which have been buried 
and partially decompoaed in ferruginooB soil ; and alao in beda of 
clay. 

Sulphate of Iron, a soluble aalt, occurs as a greenish 
efflpreacence from the decomposition of iron pyrites. With tinc- 
ture of galls it gives a black colour and is Uie basis of common 
ink. 

TABLE OV NATIVE AND OXIDISED IRON ORES. 
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It must be remembered thst the percentage given in the third 
column are those of pure, or nearly pure, mineralB, and that ordin- 
ary ores will be poorer because of the impurities contained in 
them; this observation a])plieB equally well to all the similar 
tables. 

Iron Pyrites. — All the minerals under this head give a 
magnetic mass when heated on charcoal before the blowpipe. 
Every prospector knows the common yellow pyrites to which 
he refers as "mundio" and not one will mistake it for gold, 
although some ipecimeus have a beautiiul golden colour. The 
most ready test is its hardness, which enables pyrites to strike 
fire with steel, giving at the same time a smell of sulphnr. 

There are two species of iron pyrites of the same composition, 
but cryBtallising difierently. "Pyrite" is the mineralogical 
name of the species which crystallises in cubes and modifications 
of the cube ; the name " marcaaite " being reserved for the other 
species which, being of a paler yellow, is often called "white 
pyrites," hut most not be confounded with mispickel, known 
amongst miners as "white mundic." Morcaeite crystallises in 
prisms, which often aiTect the form of tables. 

Both pyrite and marcasite ore found in concretions, stalactites, 
and radiated balls. Their hardness is the same, bat the specific 
gravity of marcasite is less than that of pyrite. They are both 
readily decomposed, especially when exposed alternately to the 
sun and rain; this property is sometimes taken advantage of 
in liziviation processes for the recovery of gold or preparation 
of sulphat« of iron. Marcasite, however, decomposes with 
greater facility than pyrite. It lb often found replacing the 
carbonate of lime in fossil shells, and these are difBcnlt to 
preserve onleas covered by a substance which prevents access 
of air. It is to the decomposition of marcasite and pyrites, and 
the heat generated during the process that many of the fires in 
coal mines and on board ship, said to originate from spontaneous 
combustion, are due. 

There is another kind of pyrites which is not of such common 
occurrence — viz., magnetic pyrites or pyrrhotine. It contains 
more iron than the common pyrites and is slightly magnetic in its 
natural state ; its colour is ^so different, being bronze-yellow. 

Uiapickel, commonly called "white mundic," differs in 
composition from the other forms of pjnjitea by the substi- 
tution of arsenic for part of the sulphur ; its tin-white colour 
makes it an easy matter to recognise it. Its hardness is not so 
great as that of ordinary iron pyrites, but it also strikes fire 
with steel, and then gives a smell of garlic, due to arsenic. It 
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•wUi be easily diatinguished from arsenical cobalt ^smaltine) and 
grey nickel (geredorffite), which it reaemblea, hy the borax assay 
before the reducing flame of the blowpipe. With smaltine the bead 
will be blae, and with geradorffite light green, when cold, if cobalt 
is absent ; while the borax bead, with mispickel, would give the 
reaction of iron — tIe., bottle green when cold. The bead of 
nickel and the bead of iron Yill be best distingnished in the 
oxidising flame ; when cold, the nickel bead is red, while that 
of iron u light yellow or colourless. 

Oommon iron pyrites occurs as an accessory mineral in all 
metalliferons veins. It always accompanies gold in the ree^ 
when this precious metal is free ; and is generally auriferous 
itself to a greater or less extent, being seldom ftee from traces 
of gold even when free gold does not occur in the district. 

From an industrial point of view pyrites should he considered 
as an ore of sulphur, being used in the manufacture of sulphnrio 
acid, the sulphates, and sometimes sulphur itself. 

In sedimentary rocks pyrites is frequent, especially in foasili- 
ferous beds, having been deposited in them by the decomposition 
of organic matter. As a rule, marcasite is the variety found in 
sedimentary formations which have not been metamorphosed, 
while pyrites occurs in lodes and metamorphic rocks. 

It has been said that pyrites is easily decomposed in Nature. 
This decomposition takes place in two different ways. In the 
first, a soluble sulphate of iron is formed with the generation of 
heat ; this explains in some cases the high temperature of mines 
and mineral springs. In the second, the sulphur is slowly 
displaced and hydrous oxide of iron formed ; this explains how 
it is that at the surface, or in exposed parts of a pyritous deposit, 
cubical crystals of limonite frequently occur, which, if broken, 
are found to contain a nucleus of undecomposed pyrites in the 
oentre. 

Magnetic pyrites often contains from 3 to 10 per cent, of 
nickel, and is then mined for that metal. Nickeliferous pyrrbo- 
tine occurs in veins in diorite iu Italy, and in porphyry in 
Scotland, at the contact of gabbro with tixe country rock. 

Arsenical pyrites is practically an ore of arsenic, but often 
contains gold or silver. It is more frequently associated with 
tin and copper ores. 
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TABLE OP SULPHUfiETTED IRON ORBS. 



„„„. 


combined 
with 


Pt'^lT.' 


Hird- 


SpecUc 


8tre«l£. 


Remark.. 


p.rif, 

Pyrrhotinfl, . 
Mispickel, . 


8 

S 

S.Aa 


S54 
S64 

839 
As 43 


6-64 

4 
S'6 


6 

4-6 
61 


Grey 

Greyish- 

Bkck 


Veryearilydooom- 

Sflgl^ymagneUc; 
aometimeanickel- 
iferoQB. 



S, Salphur; As, Anemc. 
Nickel aud Cobalt. 

The ores of nickel and cobalt are of two claBses — viz., these in 
which the metah are combined with arsenic, sulphur, or both ; 
and those in which the metals are oxidiBed. 

The first cUsa includes all those ores which are mined in 
Europe, where they exist in veina in granite, gneisB, or Ecbista, 
and at the contact of these rocks with diorite, gabbro, &c. In 
these deposita the oxidised or surface ores are relatively rare ; 
but in New Caledonia they form extensive deposits in serpentine 
and asBociated rocks, and have been segregated from these rocks 
into Gssnres of more or leaa importance. 

The ores of nickel and cobalt, which are mostly arsenides, 
generally occur together ; and, in Germany, accompany some 
copper and silver ores. In most of the European ores the pro- 
portion of cobalt is nearly one-tenth that of nickel, and the most 
common ore of nickel in Europe is nickeliferous pyrites or nioo- 
pyrite. At Tal Seaia in Italy it occurs at the junction of 
diorite with hornblendic gneiss. 

At Eterlien in Norway the eame ore also occurs in a contact 
deposit between schistose quartzite and gabbro, and sometimes 
the gabbro itself is sufficiently impregnated to be worked to 
advantage. In Sweden it forms large veins in granite, and is 
generally accompanied by other sulphides, especially copper 
pyrites. 

The mineral of next importance is copper nickel, or nlooolite, 
which occurs in Austria in veins traversing talcose and horn- 
blendic schista, aome beds of which are impregnated with pyrites 
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and mispickel. The ore there also contains irhite nickel or 
ehloantfaite, besides copper nickel and argentiferous grey copper. 
Although the nickel and cobalt ores are not easy to recognise at 
a glauoe they will generally be deteoted on working the outcrops 
of lodes by the stains which proceed from their decomposition. 
These are oxidised products in the form of arseniates, and they 
are generally found accompanying the arsenides. The arseniate 
of cobalt is of a pink or peach blossom colour and is known as 
"erythrine" or "cobalt bloom"; and the araeoiale of nickel, 
called " annabergite," is apple green. That the ores of nickel 
frequently contain cobalt is illostrated by the &ct that both 
these stains often occnr on the same specimens of ore. 

At the present time the nickel and cobalt indnstries are rapidly 
increasing, since abundant deposits of those metals have oeen 
found and worked in New Caledonia and Canada. 

The ore in Kew Caledonia is a hydrous silicate of magnesia 
more or less impregnated with oxide of nickel, and oontaining, 
as an arerage, 8 or 10 per cent, and sometimes even 30 per cent. 
of nickel in picked specimens, It occurs in veins 2 feet or 3 feeb 
thick and over, in a decomposed serpentine. 

He best ores are sometimes mixed with rounded fragments of 
serpentine, forming a kind of "breccia"; but these veins have 
not been found to oontinne rich to great depths. The form of 
the best quality of ore, which is of a beautiful emerald green 
colour, is concretionary or stalactitic It has evidently been 
segregated from the enclosing serpentine which sometimes con* 
tains -26 per cent, or even nearly 1 per cent, of nickel Thess 
minerals have been named Ifoumeite and Qamierite, but they 
do not appear to have any very definite chemical composition, 
the percentage of nickel varying within somewhat wide limits. 

The cob&It ore of New Caledonia is an earthy manganese oxide 
called Wad mixed with a small percentage of oxide of cobalt 
from 2 to 16 per cent. It is found in decomposed serpentinous 
rocks, in nodules and small veins of concretionary structure ; and 
sometimes also encrusting roots of trees, thus showing that the 
percolating liquids from which it was precipitated are still 
in circulation. 

Blowpipe Tests for Kiokel and Cobalt. — In using the 
blowpipe for the determination of nickel and cobalt minerals the 
following notes will be of value when the two occur together, 
either in the same mineral species or mixed together as in some 
mines. The mineral should be heated on charcoal so long as 
arsenical Aimes escape and then fused with borax. If there is 
no iron present the bead will be blue ; but, if there is much iron, 
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it will be first bottle-green, changing to bluish-green. The bead 
must then be removeil from the platinum wire and heated in a 
fresh borax bead which will then beaome blue. More borax 
should be added as long as the bead shows an^ blue colour in the 
oxidising flame, the blue borax being broken off after each opera- 
tion ; and eventually, if there is nickel in the ore, the bead will 
be colonred brown. If the presence of copper is suspected, it 
will be recognised by fusing the last borax bead with micro- 
cosmic salt ; if copper is present the glass will become green. 
With the information thus gained and the characters enumerated 
in the tables it will be easy to diatingaish the difierent minerals. 
TABLE OF COBALT AND NICKEL ORES. 





Comhlned 


UetBl. 


Hird- 








Uluanl. 




Per cent. 




anvItT' 


Btrw*. 


KsmirkL 


Millerite, . 


S 


Ni64 


34 


5-2 


... 


In oapillary fanns- 
yellow cryBtals. 


Nickeline or 


A» 


Ni« 


B-6i 


7 5 


D«p 


ReddUh-grey or 


oopperoickel, 










brown 


pale copper. 


ChloMithiteor 


Ab 


Ni28 


51-6 


6 5 


GreyUh 


Tin-white. 


whiteniokel, 














Oendorffit«, . 


Aa 


Ni32 


5i 


6-1 


Greyish- 
blBck 


Silver -white or 
steBl-grey. 


Nioopyrite, . 


8 


Ni20 


3i-4 


4-6 


Light- 


Not magnetic. 




8 


Ni33,Co 
22 


54 


6 


Datk- 

grey 


Steel.grey. 


Cobsltine, . 


S,A. 


Co 35 


81 


6 


gV 


Silver -white or 
reddiih; diitinct 
cleavBgea. 

Tin-white orated- 


Smaltine, . 


As 


Co 28 


Bl 


7 


GreyUh- 












black 


grey- 


aUncodote, . 


S,As 


Co 24 


5 


6 


Black 


Deep tin-white ; 




A* 


Co 10 


SM 


62 


Greyish- 


Deep' tln-whitej 




ofniokel 




Soft 




black 
Pale- 


rare. 
Earthy; apple- 
green. 


Erythrine, . 


of Co. 


Co 37 


li-n 


2-9 


piBk 


Fink or peaoh- 
blodBom. 


Gamierite, . 


Silieale 


Ni 10-30 


2-2i 


2'3 


Fale- 


Apple-green, pala 
Emerald^'eeu, 


NonmBite, , 


Silicate 


NiB-M 


2-21 


2'5 


^ 


















Oiidu 


Co 2-15 


1 


3-7 


BUiitk 




wad, 




MnSO-60 






ablnisb 


ary. 












Bhade I 


^ 


Sulphur 


A,, Aral 


niojA 




1; Co, C 


«balt. 
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Uanqanesk Obbs. 

MaagaiieBe is very extensively diBaeminated in nature ; it 
occnra in veins even in the earliest fbrmBtions, and in irregalar 
deposits in BedimeDtory beds. 

In Tharingia and the Hartz tbeie ores occur ib veins in 
porphyry, but while in the first region pyrolnaite and psilomelane 
predominate with heavy spar and other associated minerals ; 
manganite and haasmannite with heavy spar, Ac, constitute the 
filling of the veins in the Hartz. 

At Romaniche in France an extensive deposit of manganese 
ore exists forming the cement of a breccia in a rock which is 
formed by the disintegration of granite and is called "arkoGe." 
This deposit is connected with a true vem in granite, one &thom 
wide, filled with manganese ore. 

In the Devonian rocka of the Rhenish mountainous re^oa 
deposits of manganese occur in the magnesian limestone or 
dolomite. Some of these deposite are impreguatioas, which 
have in part proceeded from a vein ; but the principal deposit 
consists of nodular concretions in ctay on the aurface of the 
dolomite^ The upper beds contain pyrolusite, and the tower 
psilomelane, the latter ore onginating, no doubt, from the altera- 
tion of pyrolusite by percolating waters. 

The analogy between the two last deposits is evident, and 
shows how easily manganeae is segregated. It occurs, even 
in the most recent formations, in thin coatings which sometimes 
affect the forms of ferns and are termed dendritic markings. 

The principal deposits of manganese, however, are very 
irregular both in form and extent; large lenticular masses 
occurring in slate, which, when worked out, give no indications 
whatever leading to other deposits. 

The ores of manganese are extensively employed in the manu- 
facture of steel, but for that purpose they must be free from 
phosphorus and sulphur. The oxides which are richest in 
oxygen and poorest in metal — viz., pyrolusite — are used for the 
generation of chlorine and also for preparing oxygen. 

In the manufacture of glass, manganese is used for destroying 
the bottle-green colour given by iron, and in consequence is 
termed by the French "aavon det verriers" or "glass maker's soap." 
When cobaltilerons manganese ia used in the same manufacture, 
instead of a colourless, a blue glass is made. All manganese 
ores give a violet or amethyst coloured bead with borax before 
the blowpipe ; and a green mass, if fused with nitre and car- 
bonate of soda on porcelain. 
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TABLE OF MANGANEISB ORES. 

















Mlnerel 


ChemloiU 


Iot' 


Hard- 


apeolflc 


8tr8»k. 


Bemuto. 


Pyroluaite, . 


A.hy^ro« 


63 


2-2j 




Iron- 
black 


Bactllaiy, radi- 
ated. 


Branuite, 


Do. 


69-6 


6-6i 


4-7 


Brown or 
brown. 

black. 





HRQimaiiDite, 


Do. 


76 9 


5^ 


4-8 


Browa- 

red 





MuigMiite, . 


HydioM 
oiide 


67 


34-4 


4-3 


Doep 
brown- 
rod 

Black or 


BaciUar grooTod 
crystal.. 




MaDganate 


52 


6-8 








of baryta. 








brown- 






&a.. 








iafa-black 




■w»d. 


Impure 


Van. 


Vari- 




GToyiih- 


AmorpbouB nod- 






able 


able 






nlA^ 


Alabaudine, . 


Salphide 




4 




Deep 
green 


Rare — colour 
iron-blaok— 
generaUygran- 
ular. 

Contains leai 


Bauerite, 


Do. 




4 


3-4 


Reddiah- 












brown 


than akbao- 
dine. 


DUUogite, . 


Carbonate 


... 


34-4i 


3-6 


B«ldidi- 
white 


Pinkorfle«hool' 
oared. 


Bhodonite, . 


Silicate 


... 


6* 


3-6 


Do. 


Pink or peach 

bloBBom. 



The last four minerals of the table ■wUi be eaaiiy known. 
Although the two Hnlpbidea, being Tare, have not been eBpeciall; 
alluded to in the determination of minerals, they will be re- 
cognised by the reactions of manganese and sulphur before the 
blowpipe. 

The carbonate (diallogite) and the silicate (rhodonite) are 
conspicuous enough firom their fleshy or peach blossom coloara, 
and will be diBtinguiehed from one another by their different 
hardness. Diallogite will be easily scratched by a knife, while 
rhodonite will not. 

An important deposit of carbonate of manganese occurs as 
irr^nlar masses in limestone at Las Oabesses, in France, and 
the percentage is increased by calcination. Diallogite is not a 
rsre Htineral in small qnaatities, and its amociatioES are interesb- 
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ing. It has been fouad with gold, silver, lead, copper, and the 
other ores of manganese. 

Rhodonite is found in some iron mines and also in association 
with tetrohedrite, and some very beautiful specimens are obtained 
at time& 

Obromiuh. 

The only ore of chromium is Chrome Iron, and this ore ia 
found in many localities, associated with serpentine, but aoma- 
times its gangne is olivine. The rook dunite, first described 
from New Zealand, consists of olivine through which chromite is 
dispersed as grains. In New Zealand and New Caledonia 
chrome iron occurs in veins, and it is an abundant ore in the 
Shetland Islands, as in TTnat, &c 

Chrome iron exists as large moases in some serpentines, 
especially those containing diallage, and sometimes aa concretions 
through the same class of rock. From the decomposition of this 
rock it occasionally forms a wash or black sand on the sea shore, 

' a New Caledonia, in the same manner as titaniferons iron 



does in New Zealand. There are extensive deposits of chromite 
in Asia Minor. 

Sei^ntine generally contains ores of iron, but these always 
contain a few units per cent, of chromium, which interfere with 
the metallurgical treatment; although, chrome steel is now some- 
what largely manuiactured, and is of especial value for the heads 
and dies of stamper batteries. 

Chromium is used chiefly in the state of chromate and 
bichromate of potash in dyeing, and also in the manufacture of 
colours. 

TTBAtnuu. 

Fitohblecde is a mineral which is usually massive, black, and 
with a pitchy appearance ; it is composed of the metal uranium 
and oxygen, and always contains lead, iron, &c. There are 
other uranium minerals, such as uranium mloa, &c., which 
have a characteristic yellowish-green colour, but pitchblende is 
the permanent ore in depth. 

It occurs in several leiad.mines in Qermany, has been worked 
as the principal ore in a mine near Grampound Koad, in 
Cornwall, and ia found in some other deposits. It is used, in 
the preparation of uranate of soda, which affords a pretty orange 
colour for painting porcelain and colouring glass, to which it 
imparts a greenish-yellow, foggy, or opaline appearance. 



OHAPTEE XVI. 
Sulphur — Autimonr — Arsenic — BiBmutli. 

Sdlphor. 

IiT some dietriotB snlphur occufb native, associated with gypsum, 
the most common of the sulphates. It is chiefly found in 
volcanic districts, such as Sicily, Popocatapetl in Mexico, and 
White Island in New Zealand. It is also occaaionatl; formed 
by the decomposition of pyrites, both in coal and metalliferous 
mines. Its varied applications class it as a raw product of 
primary importance. It is used for the manufacture of sulphuric 
acid, and for making gunpowder, and the property which it 
possesses of expanding on cooling makes it valuable for taking 
casts of medals, has reliefs, &c 

ABSEKia 

Native arsenic is rare, but occurs as an accessory mineral in 
some antimony and silver mines, in crystalline and schistose 
rocks ; and it is also found in the Kapanga gold mine in New 
Zealand, 

The two other arsenic minerals, orpiment and realgar, were 
amongst the earliest known minerals, their conspicuous colour, 
which rendered them valuable for the manufacture of paints, 
having attracted the attention of the ancients. 

Orpiment is a compound of sulphur and arsenic, and has a 
beautiful golden colour, with a nacreous lustre on the cleavage 
feces, while that on the fracture is dull or resinous. 

Bealgar differs in composition from orpiment by containing 
more arsenic, and its colour is orange-red. It is often well 
crystallised, and is aooompaniod by orpiment, into whiidi it 
changes on exposure. Bealgar is found with orpiment and 
native arsenic in metalliferous veins, especially those of silver, 
gold, and lead, in Transylvania. It is also mentioned as occur- 

13 
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ricg in gypeum aad dolomite, aad both orpiment and realg&r are 
often asBociated with prodnots of Tolcanic eruption. 

TABLE OP SULPHUR AND ARSENIC MINERALS. 



w^. 


"ffl- 


SS; 


SpecUo 


BtTMk. 


,^.». 


Sulphur, 
Oipiment, . 


N*tlve 
Do. 

S,A. 
S,A. 




2 
6-9 

3-48 
3'I» 


YbUow 
0»ng^ 

red 


Yellow ; verj brittle. 
Metillio Initre ; tin- 
white or grey. 
Orsnge-yellow. 
Deep orange-red. 



ASTIMOKy. 

The only ore of antimony is the sulphide, known aa antimony 
glance or stibnite, the oxides which oocnr with it being merely 
products of secondary formation, while native antimony is rare 
and ocean mostly with ores of silTer, although it is found with 
gold in the Wentworth mine in New South Wales. 

Although stibnite resembles galena, it will be readily dis- 
tinguished by being easily fusible in the flame of a candle, by 
the white fumes evolved ; and by its form, which is generally 
that of elongated or fibrous crystals ; while galena is granular, 
or lamellar with cubical cleavages. In some fine-gruned 
varieties, however, these differences disappear, and the fusibility 
and other blowpipe reactions have to be depended upon. 

It will be more difficult to decide if a mineral is an accidental 
mixture of galena and stibnite, because it might then be 
confounded with one of the rare minerals jamesouite, dnkenlte, 
&o., which are sulphides of antimony and lead. 

Both of the oxides mentioned in the table occur either 
crystallised, fibrous, or earthy, and are products of the decom- 
position of stibnit«, which they accompany in the deposits. 
Masses and crystals of stibnite are sometimes foiuid coated with a 
yellow substance, which is rather hard and infusible, and which 
also occurs in fibrous masses or columnar grooved crystals, 
resembling fossil wood. This is probably another species of 
antimony ochre, difEering slightly in composition from cervantite. 

Anthnony is generally found in quartz veins, sometimes 
associated with heavy spar. It is also said to occur with spatbio 
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iron in beds of Devonian age in Germany, vrbere it is probably 
connected with veins of tbe same ore. 

Stlbnite sometimes accompanies gold at Fichtelgebirge, and in 
the mines of the Thames in New Zealand, and is its^f auriferous 
in Portugal, New South Wales, and elsewhere. Although many 
processes have been devised for treating ores of this nature, no 
great success has yet been attained. 

TABLE OF ANTIMOSY ORES. 



,^ 


Ooropot 
iUon. 


MetiL 
Far 
oent. 


H>M- 


BpeclOc 


streak. 


Bemuki. 


Native anti. 
mony. 


A amaU 
lead, 8il- 




34 


O* 


TlQ-white 


Sonietiinei leikd- 
bloe but ganar- 
tOy tm-wbite. 


Stibuite, . 


Snlphide 


71-7 


2 


4-6 


Lead-grey 

or steel- 


Striated ptuini., 
fibron* maUM 


Valentinite, . 


Oiida 


83 


2-3 


C-6 


XL 


or gTBHOlar. 
White,yeUowiBli, 
and browoiaii ; 


CerraaUte, . 


Oiide 


79 


4-5 


i 


YeUowiah. 
white to 

white 


nacreooH. 
Sulphur - yellow 
or ueotly white, 

dish-white. 



BlBUUTH. 

Bismuth is a metal of rare occmrenoe in nature and, therefore, 
altliough not used extensively, it has hitherto oomroanded a good 
price ; but mining on a large scale would soon overstock the 
market, and create a depression until new applications of the 
metal were found. 

Bismuth is not found, as a rule, in deposits by itself, bnt 
occurs in Europe with cobalt and nickel ores, and also with 
silver ores and galena j while in Sew South Wales it accom- 
panies tin and gold, in quartz in which molybdenite is also 
present. 

The principal ores of bismuth are the native metal, of a tin- 
white rosy colour and very fusible ; and bismutbine or bismuth 
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glance, wbich is the sulphide of biemath. The oxid« and 
carbonate of bismuth, known as bismath ochre and biEmathite 
respectively, are generally found with the other ores by the 
deoomposition of which they are formed; they occur in the 
upper parts of the lodes. 

The eoB^ fusibility of native bismuth, its brittleness when 
cold, and its white rosy colour are ohiiracters which serve to 
distinguieh it readily. The sulphide, bismuthiue, generally 
occurs in small prisma or in a granular form, is easily sectile, 
and yields a smell of sulphur before the biowpipe, leaving a 
pale yellow coating of oxide on charcoal 

The oxide forms a yellow coating on the ores just mentioned, 
and is easily reduced on charcoal to metallic bismuth. The 
carbonate does not occur crystallised, and will be recognised 
easily by reduction on charcoal to metallic bismuth and by its 
solubility with eServescence in acids. The solution will give a 
white precipitate when distilled water is added to it. Carbonate 
of bismuth in small rounded pebbles of a yellowish colour is found 
in New South Wales in some alluvial tin depoaits of the Korth. 

In the tin country of New South Wales, at Kingfigate, 
bismuth occurs in granite and altered slates. The line of 
junction of the two formations is well defined, and bismuth 
lodes occur in the granite in proximity to this line, or not more 
than 400 yards m>m it. According to the late Mr. C. S. 
Wilkinson, these deposits are pipe veins or oval masses of 
quartz of variable thickness, descending in a more or less 
vertical direction in the granite, as though well-like caverns 
of very irregular shape had been formed in the granite and 
filled with quartz and metallic minerals. Molybdenite and 
mispickel occur in these veins as well as tin. The largest mass 
of native bismuth found weighed 30 lbs. 

North of Qlen Innes, bismuth is aasociated with tin in quartz 
veins of an irregular character. These veins and masses traverse 
a fine-grained micaceous felsitic rock, which is surrounded by 
altered sedimentary beds. They sometimes form networks of 
veins and sometimes masses of quartz, one of which at surface 
was 40 feet x 20 feet. Bismuth is here also associated with 
molybdenite, mispickel, and wolfram, and in consequence of this 
last mineral being present the lodes can scarcely be profitably 
worked for tin. 

The bismuth ores proper — viz., bismuth glance and native 
bismuth — are always accompanied by the yellow earthy car- 
bonate and oxide, which are products of their alteration and 
decomposition. 
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Compo.. 


Uetal. 


Hard- 


SpHlfla 










cant. 


new. 








Bbmnth, . 


Native 




2-2i 


9-7 


... 


Brittle, beoomes 
oxidiied by ei. 
posore to air. 












Shining 


Baoillar or grann- 
Ur, aeoUle. 


Bismnth ochre, 


Oiida 


72-8 


... 


i-3 




Earthy -yetloir. 


Biunathito, . 


Carbonato 


7B 


4-4i 


6-9 


Oreenltb- 
my to 
eoloar- 
leu 


*.:;?&. '"^ 
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CHAPTER XVIL 

Combnstilsle HineraU. 

Toe minerals inolnded in this group are ell varieties of carbon 
or hydrocarbons, and are inclnd^ in the following table : — 

TABLE OF CARBON MINERALS. 



Hlii.nL 


Cbinatm. 


Hud- 


BpaoUci 


^^ 


Graphite, . 


Nearly pure carbon 


1-2 


2-2 


Hetallio Inatre, infus- 
ible, MilB the fingera. 




Coke 82 to 90 7. 


2-21 


1-3-1-7 


bnnu with difficulty. 


Coal, . . 


Coko 60 to 82 •/. 


8-21 


1-2-I-7 


Lnrtre tewnona; bnma 


Cumelooal, . 


Yield! large qnan- 
titieiof^ 




■ ■26 










bnmi freely. 


Lignite or 


Eydrooi coal 


l-2i 


■6-1 -25 


Dark brown atreak ; 


blown ooal. 








bnmi with a diMgree- 
able Bmoll. 
Fraetnre oonchoidal ; 


l^rbuitfl or 


Vol. HydroearbMiB 




1-08-1 -30 


keroKne 
lAto or 


aotosov. 






bnma freely. 


Hydrocarbona— 




■9-1-0 


Borne freely with bitn- 


mineral 


Carbon . 68 7, 








oaontchonc. 


Hydrogen 12-5 '/. 








OK>kerito or 






■85- -W 


Idkewax greasy ihams 


miDeralwax, 


Carbon . . 86 7. 
Hydrogen . 14'/; 






freely. 


FittiolMm., . 


Carbon . . 84 7. 
Hydrogen . 18 7. 


" 


■70--90 


BamE witb a peculiar 


Ambar, . 


Oxygenated hydro- 
Carbon . . 79 7. 
Gm ... 217, 


2-21 


11 


Eownoua, yeUow ; elee- 
trio by friction; bnma 
withanaromaticBmelL 


Acphaltnm, . 


Oxygenated hydro. 


■3 


1-2 


EaaUy toaible; atreak 
bbuJkorbrovn: bnme 




oarbonB— 








Carbon . . 76 7, 






witb a amoky flame 




Gm ... 227, 









X.B. — Percentages vary, bnt those g1 
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Diamond is tbe pareat form of car'Don. ft is Rombnstible, bnt 
requires great beat to burn it ; and, being the most valuable of 
our gems, as well as the hardest substance in natnre, is more 
properly considered in this book with the gems or stones harder 
than quartz. 

The diamond, graphite, anthracite, the coals, lignites, and, 
lastly, wood aad other vegetable matter alt form carbonic acid 
Then burned ; but from some of them hydrt^en and its com- 
pounds, especially hydrocarbons, are also evolved, & regular 
series thus existing through the bituminous and cannel coals to 
the true hydrocarbon minerals, such as petroleum and mineral 
wax. 

Kext to the diamond in purity comes graphite or plumbago, 
which is found in the earliest and most highly metamorphosed 
formations, where it represents the vegetation of those times, 
which has, under pressure, lost all it volatile constituents, and 
been also rendered schistose by metamorphic action. It is very 
valuable when pure and massive, and its wide application in the 
manu&cture of lead pencils and crucibles is well known. It 
will be readily recognised by comparing it with the lead of 
pencils. Inferior qualities have to be thoroughly washed, 
prepared, and pressed, while pure varieties can be sawn in 
their natural state. 

CoalB. — Ooal seams, as already pointed out, are formed from 
vegetable matter ; bnt it was while the deposition of the various 
sandstones, Ac, which overlie them, was going on that the char- 
acter of the carbonaceous deposits first began to change ; great 
weight was put upon them, in the first instance, by the overlying 
rocks and thus they became solidified, and, by means of this 
pressure, and the heat induced by pressure, chemical action set 
in, which had the effect of slowly driving off the more volatile 
constituents of the coals. Water and various hydrocarbons were 
driven off, and the carbonaceous beds, which at first very nearly 
approximated to the composition and character of wood, were by 
degrees changed into coal. 

This process of carbonisation is, however, by no means com- 
plete, except in s very few instances ; and it is chiefly by the 
state of clumge that has been effected that the coals are classified 
as follows :— 

HvdronB coalu containing over ( n'^J^' , 
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Those coals which coatam over 10 per cent, of water have 
suffered leaa change thaa the others, and they have many dis- 
advantages as compared with the anhydrous varieties. These 
hydrous coals are sub-divided, by their physical characters, into 
ligniUs, brown coals, and pitch coals ; but it is very hard to draw 
a clear and distinct line between them. Thick deposits of brown 
coal are found in various localities; at Lai Lai, in Victoria, the 
beds are ICO feet thick and are covered with basalt; and in 2^ew 
Zealand extensive deposits are mined both in the north and 
south, the seam at the Miranda colliery being 55 feet thick. 

When the better class of these hydrous coals are first taken 
from a mine, they would frequently puzzle any but an experienced 
observer to distinguish them from the true coala. They have a 
compact structure, are black utd shining, ajid in many other ways 
bear a strong resemblance to the true coals. If, however, they be 
left exposed to the air for some time one has no difficulty in dis- 
tinguishing them, for they begin to lose their water, and, in doing 
so, crack in all directions and then fall to pieces. This being the 
case long transport is impossible, and the employment of the 
coal must be purely local ; moreover, it must be burned as soon 
as it is raised from the mine as stacking on the ground will 
reduce its value. 

These hydrous coals, however, are of considerable value where 
true ooala are not obtainable, and will even compete very favour^ 
ably with them when the true coals have to be brought irom a 
distance ; but they have another disadvantage from the occur- 
rence of water in their composition — viz., that the water is not 
only unable to supply aay heat itself, but requires a certain 
amount of heat to convert it into steam ; and for this reason, 
where both classes of coal are readily obtainable, it is frequently 
preferable to employ an inferior class of anhydrous coal rather 
than the best lignite, brown or pitch coal. 

The anhydrous coals, as before stated, may be divided into 

Anthraoite or non-bitnminons coal, 
Cnunel or highly bitumiaoiu coal. 
Steam or household or less bitnminons ooal, 

and many other sub-divisions are also made to which it is not 
necessary to call attention. 

Anthracite is coal in which the process of carbonisation has 
been pushed to its greatest extent. It never contains less than 
80 per cent, of carbon, and is frequently almost entirely com- 
posed of it. Anthracite does not soil the fingers, and is of a 
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glossy black appearance ; it; is difficult to kindle, but in bnnuDg 
gives off an intense beat with little or no smoke. From the 
difficult)' in barniog it is not so well adapted for houseliold oon- 
sumption aa the free burning coals, althoagh it is largely used in 
America for that purpoee. It is principally employed in smelting 
metals and raising steam, 

Cannd Coal, again, does not soil the fingers, but in other 
respects differs materially from anthracite. It has received the 
name of cannel from the property it possesses of burning readily 
vith a flame like a candle. It is highly bituminous or contains 
a large proportion of volatile matter, and is principally employed 
in the manufacture of gas. Although other coals are also 
employed for gasmaking, tb«i quantity of gas obtained from them 
is generally less than, and the quality always inferior to, that 
made from cannel. 

The ordinary or household coals may be variously subdivided 
according to the properties which each possess, but the only one 
of importance is between the caking and non-caking cools. 

Caiiing Coala are those from which, in burning, there exudes 
a black bituminous substance which cements the coal together, 
in the fire, into a pasty mass. This class of coal is the one from 
which coke is chiefly made, and is also used both for domeetio 
purposes and for raising steam. The other, or non-caiing coals, 
do not run together when heated, and are of a more free burning 
character. 

Jet is a variety of coal, is black, and takes a good polish. It 
is of value for the manufacture of ornaments, such as crosses, 
earrings, &C. The most important deposit known is that of the 
Jurassic coal measures, near Whitby, in Yorkshire, where two 
<fualitiea are found, one very hard and valuable, another softer 
and of less valne. 

The bog oak of Ireland must not be confounded with jet ; it 
is simply wood impregnated with iron, and occurs in swamps 
where iron ore is forming at the present day. 

The name of jet is commonly given to black glass beads and 
glass jewellery, but these are not likely to be mistaken for the 

fenuine article. Jet is much lighter and not so brittle ae glass, 
ut its origin does not appear to be well understood. It is 
described by some authors as a variety of lignite, but it is 
anhydrous, and is generaiiy associated with cannel coal ; it is 
very probably a fossil gum. Jet occurs in the Hartley Vale and 
Joadia Greek shale mines in New South Wales, as thin seams 
which have no great lateral extension. 
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Fetrolkuu. 



Fetroleum is composed of hydrocarbons, and ia found ia 
rocks of all ages, sometimes in subterranean reservoirs of great 
extent 

In Pennaylvania, sandstones saturated with oil, form the 
reservoir, and these sandstones appear to be lenticular in form, 
and of varying texture, sometimes passing into conglomerates. 
The following facts appear to have been ascertained with 
reference to the Pennsylvania oil region. 

1. The thicker the cover the more the oil, large accumulations 
being seldom found under light covers. 

2. The coarser and more open the sand the more the oil. 

3. The sandstones buried in Bhales must form the reservoir. 

4. Underlying shales must exist which form the source of the 
oil. 

In the Ohio district the Trenton limestdoe, which is struck 
at a dwth of from 1100 to 2200 feet below the sur&^e, and is 
covered by dOO to 1000 feet of shales, appears to be both 
the producer and reservoir. The principal accumulations, both 
of oil and gas, are always in the uppermost beds of the limestone, 
and generally not more than 30 or 30 feet below its upper 
surface. The oil rock coutiaaes to a lower level, but below the 
oil the rock is charged with brine containing unusual quantities 
of chloride of calcium and mi^pesium ; when this is struck the 
well is frequently lost, although it is sometimes possible to plug 
it near the bottom. 

The limestone appears to be quite porous in parts, but this 
porosity seems to De due to dolomitisation, the change having 
resulted in recrystallisation which has left innumerable micro- 
scopic cavities in which the oil has accumulated. 

There appears to be no doubt that petroleum has been derived 
from organic matter and much more largely from vegetable than 
animal substances ; it has, moreover, been produced in most 
oases at the normal rock temperature, and is aot a product of 
destructive distillation of bituminous shales. 

Where flat anticlines exist, the paying wella are almost always 
on the domes, whether these be the main ones or those of 
smaller elevation situated at points in the synclines. This is 
still more the case with gas wells, and where gas and oil have 
been struck at other points they are, very generally, soon over- 
powered by salt water. 

Petroleum has generally been found in consequence of a 
discovery of inflammable gas, sometimes escaping from fisiurea 
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in tibe surface of the ground, and, in other cases, struck when 
sinking wells. In some instances this gas occurs in vast 
quantities, and has been used extensively for heating and light- 
ing purposes. 

The disDOver^ of indications, however, affords very tittle 
information as to the best localities for sinking wells, and in 
the early days of an oil field there is a great deal of chance in 
the location of a site. When, however, several bore holes have 
been put down, information is gained which serves as a guide, 
and fewer mistakes are likely to be made. 

Some oil-bearing rocks, such as the Boghead mineral or tor- 
bauite of Scotland, and the similar oil-bearing shale of New 
South Wales seem to have been formed in a similar manner to 
coal, but under difierent (xinditions. 

'tiie last rock, known as "kerosene shale" occurs in lenticular 
beds of considerable extent in the coal measures and probably 
differs only from coal itself by being composed of the remains 
of swamp plants, which have undergone decomposition under 
water, in special conditions capable of preserving moat of the 
gases. If microscopical examination does not detect any organic 
structure as in coal, it is most likely because the water plants 
were of a much softer nature than those which formed the 
ooal, and that the cells have been completely destroyed by 
fermentation. 

An abundant source of petroleum is to be found in the oil- 
bearing schists, or, as they are sometimes incorrectly termed, 
bituminous schists. According to Dufresnoy tlie oil in these 
schists originates &om the decomposition of animals, especially 
fishes, the fossil remains of which are abundantly found ; but 
this, if true in one instance, can hardly be considered as uni- 
versally correct. Petroleum occurs in different formations, from 
the carboniferous to the tertiary. 

Mineral wax or oaokerite is a solid petroleum containing from 
14 to 15 per cent, of hydrogen, whilst petroleum contains 16 to 
17 per cent. 

Mineral caoutchouc or elaterite contains still less hydrogen, 
from 12'3 to 13'3 per cent., than mineral wax. It is found with 
lead ore and calcite at Castleton in Derbyshire, and in coal mines 
near Nantes in France, and also in Maseachussets. A similar 
mineral has been found in the Coorong Lagoons of South 
Australia and named Coorongite. 

The bitumens contain 10-3 per cent, of oxygen and hydrogen, 
and when bitumen regularly impregnates rocks of somewhat 
homogeneous composition, such as limestones, it forms a material 
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which IB highly prized for footpaths, flagstones, &c. For that 
purpose it is crushed to powder, melted, and nsed either with or 
without additional sand and pebbles. When refined in powdar 
it can be set dry and agglomerated with hot irons, 

Ambvr is a mineral resin and, like the bitumena, coatunji 
about 10*6 per cent, of oxygen and nearly the same proportion 
of hydrogen. It resembles kauri gum very closely, audi oma^ 
ments are made of that subetance to imitate amber, bat they are 
more brittle than the geaoine article. Amber, as well as kauri 
gum and other resins, has exuded from trees, and is frequently 
found fossilised in lignites of Tertiary age. 



CHAPTER XVIII. 

SENEBAL BINTS BEtTABDINO PHOSPeOTIHa 

H&TING now described the modes of occurrence of minerals 
which are most common, and the means which are best adapted 
for distinguishing one mineral from another, it only remuns to 
give a brief summary of the operations which are necessary for 
the prospector to adopt for the discovery and tracing of ores, 
together with such development as may birly be expected of 
him, before the discovery is in such a state as to induce capital- 
ists to provide sufficient money to open the mine. 

The student may expect some hints regarding the outfit he 
will require and the operations he will have to undertake, but 
there is little that can be said which will be of much use to him. 
With the exception of the few blowpipe accessories which have 
been enumerated, a compass, and a small prospecting pick, he 
will be able to secure any equipment he may find necessary at 
the nearest store, from which he also obtains his provisions ; and 
so he will avoid being encumbered with tools, tents, &c., until he 
has actual need of them. 

Equally is it the case that no description of the methods of 
sinking shafts and dnving levels will be of much use to the 
student who proposes to work in a practical manner, for a week's 
residence in a mining camp will afibrd him more information on 
these subjects than he could obtain by reading, and he will 
generally find it to hie advantage to do a little work on a claim 
before starting out to prospect on his own account. 

It may be well to recapitulate a few points which have been 
already alluded to in the foregoing pages. 

MeUils and minerals may be found either associated with the 
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rocks'in which they were originally deposited, in which case they 
are called " tnineral deposits," or, having been worn away by the 
action of the weather and transported by running water, they 
may occur associated with gravels and sand in existing streams 
or buried river channels, in which case they are spoken of as 
" alluvial depoeits." 

The metals and minerals that are found in alluvial deposits 
are few in number, and for all practical purposes may be limited 
to gold, platinum, tinstone, and gems, although certain rare 
minerals, such as osmiridium, are also found now and then. 

Owing, however, to the great value of the minerals mentioned 
above miich are found in alluvial deposits, and the fact that a 
very large proportion of the gold which has been won during 
historical times has been obtained under these conditions, 
alluvial deposits demand very careful attention. They are of 
the greater importance to the prospector because, in many coses, 
alluvial gold and tin are found under conditions which require no 
capital to work them, and, consequently, immediate returns can 
be obtained when the discovery has been made. 

These alluvial deposits have been described under the chapter 
devoted to this subject, but some remarks regarding prospecting 
for them will be of value, and it must be understood that it is 
assumed that the district being prospected has not been pre- 
viously tested. 

River beds and creeks should be carefully examined, a pick 
and a shovel, a tin dish, and a large knife being all the equip- 
ment necessary. lu the first place, the gravels of the streams 
shonld be washed cai-efully with the object of determining 
whether any gold at alt exists. !Next, certain beaches along the 
course of the stream should be selected (see p. 132) and shallow 
pits sunk through them until bed rock is met with, and all the 
material i-aised should be panned, bearing in mind that the best 
gold is generally found on the bed rock. 

A further teat should be made by carefully following up the 
stream, especially when it is low, and cleaning out with a knife 
all crevices in the rocks in which gravel and sand have accumu- 
lated, and this should all be panned. In some cases, very large 
quantities of gold have been saved by prospectors in a short 
time from " crevicing " in this manner. 

In certain dry countries, as, for instance, in Western Australia, 
the rainfall is not sufBcient to carry the gold broken down from 
the reefs for any distance. In such cases there ate flats of 
greater or leas extent in which gold occurs through the surface 
soil for a depth of a few feet. 

hull, ..' ,i^.t.)i,}'^ie 
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Where sufficient water ia available to wash these deposits, 
very good returns can frequently be made, and, indeed, a large 
4jnantit7 of gold has been saved by "dry blowing." Ilie most 
priniitiTe system adopted is, after the larger stones have been 
screened out, to hold one dish shoulder high, and gradually pour 
the auriferous sand into another dish on the ground, the wind 
blowing away the lighter particles and allowing the heavier gold 
to fall into tiie dish. This operation has to be repeated several 
times ; but it will be evident that by this method of treatment 
a good deal of gold must be lost, and also that what gold is saved 
cannot be properly cleaned ; so that water will be required for 
the final operation. 

Deposits of this class are most usually discovered in the first 
instance by nuggets of gold being picked up accidentally on the 
anrface, but when one or two of these have been found, pro- 
specting by dry blowing is often resorted to over considerable 

Tbeee surfaoe deposits must neceaaarily exist in the vicinity 
only of the reefs or lodes from which they have been shed, and 
their occurrence aSbrds considerable inducement to prosjiect for 
reefs in the immediate neighbourhood ; but the gold whii^ ia 
found in rivers and streams does not necessatily point to the 
«lo3e proximity of the reefs from which it was derived ; still lesa 
does the occurrence of alluvial gold in buried river beds indicate 
the proximity of reefs. 

It is very difficult to enandate any rules for prospecting for 
these buried deposits, but a careful prospector will often notice 
that a river or stream which he is testing, appears at certain 
points to have altered its course ; having, in tact, found it easier 
to cut a channel in a different direction to that which it originally 
followed, it has done so leaving its former channel, with the 
gravels and sands it hod deposited, high and dry. 

In cases such as this, it is generally worth while to sink 
prospecting shafts through the gravels until bed rock is reached; 
and, if the first is not successful, others should be sunk towards 
the deeper part of the channel as defined by the inclination of 
the bed rook where It is met with. There are, of course, com- 
paratively few prizes and many blanks in prospecting such as 
this, but the value of the deposits found at times, offers induce- 
ments to prospectors to continue trying, even when but small 
success has attended their earlier efforts. 

Perhaps the most important point with which the alluvial pro- 
spector has to make himself acquainted, is what value of ground 
will pay him to work, and as regards this no information of any 
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vorth can be given ld a book, seeing thut conditions vary in each 
particular case. He will, however, very quicfclj discover how 
much gold he can extract in a day with the means at his com- 
mand; and, comparing this with the coat of living and the time 
he has had to expend in sinking his shafts ; taking into con- 
sideration, moreover, the amount of ground that he is able to 
hold in compliance with the laws of the country, and the area 
that can be worked from each shaft : be will be enabled to form 
a very accurate idea of what the claim is worth to him. 

There are many cases in which the amount of gold found ia 
not sufficient to pay the individual miner to work, but in which, 
if concessions of a large area can be obtained, and a water supply 
can be secured sufficient for all requirements, a judicious ex- 
penditure of capital for working on a targe scale will frequently 
well repay the cost. Under most favourable conditions, wiw 
practiciJly unlimited water and a sufficient space for the deposi- 
tion of tailings, as low returns as 2^. per cubic yard can be 
made to pay handsomely. 

The occurrence of alluvial gold or tinstone leads the prospector 
to examine the country for the reefs from which these have been 
shed, and a careful study of the conditions which prevail will 
afford much information. In the case of surface deposits, it is 
evident that the country in the immediate vicinity should he 
examined ; but where the alluvial deposit has been found in the 
beds of existing streams or old river channeis, it ia equally ob- 
vious that it may have travelled a long distance from its parent 
ree£ Under these conditions it is necessary to find out whether 
the alluvial deposits that have been worked are of primary or 
secondary origin ; whether, in fact, they have been broken 
directly Arom a reef and have not travelled very far ; or whether 
they have only been safficiently enriched, by natural sluicing of 
poor drifts in cross drainage channels, to enable them to be 
worked to advantaga 

In the latter case, the occurrence of alluvial material is no 
guide whatever as to the vicinity of reefs ; but in the former 
case the stream should be carefully followed towards its source, 
and the gravel panned irom time to time to test how far up 
stream the gold or tin exists. 

So soon as the amount of tin or gold falls off appreciably, the 
hills on either side of the stream should be examined, which, if 
they are barren, can easily be done ; while, if they are covered 
witj) soil and timber, it wul be necessary to sink shallow pits or 
cut trenches in order to lay bare any reefs or lodes which may 
exist; the soil cut in these shafts and trenches should also be 
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panned constantly in order to prove whether the right direction 
ifl being followed. 

When pieces of copper, lead, zinc, manganese, or other ores are 
found in river beds or on the surface they shoald be traced in 
the aatne manner, always following them up stream as Ions as 
any pieces of them can be found; and, afterwards, the hills 
should be examined until the lode or other deposit is discovered 
from which they have been broken. 

It is, of course, often the case that, notwithstanding all the 
. care that is exercised in tracing broken mineral to its source, no 
deposits of value are found ; and it is equally true that most of 
the important mines of the world have been discovered by 
accident ; and in many cases by people who have been quite 
ignorant and wholly unversed in the value of ores. Even, how. 
ever, if this is the case, an accurate knowledge of the nature of 
ores and the ability to recognise those which are worthy of 
attention, places the trained prospector at a considerable ad- 
vantage, and enables him to utilise chance discoveries made by 
others who are not so qualified. 

An outcrop of mineral having been found, further investiga- 
tions are necessary to prove the nature of the deposit, l^e 
strike having been determined, in the cose of a lode, it is first 
advisable to test it along the sar&ce at various points to prove 
its continuity and comparative richness at different points. 
Bearing in mind what has already been stated regarding the 
existence of shoots of ore, it must not be assumed, because a 
lode is rich where found, that it -will be equally so at all points 
where it is intersected ; and equally, because a lode is poor 
where first discovered, there is no reason to suppose that further 
surface prospecting along its course may not disclose parts in 
which valuable mineral occurs. 

It will be within the knowledge of every prospector, even 
of those with but limited experience, that when a lode has been 
discovered which carries valuable mineral at its outcrop, other 
claims are marked out along ^le course of the lode at either end 
of the prospector'a claim. While this is a perfectly legitimate 
undertaking, it must be borne in mind that these " position 
blocks" have only n prospective value until the continuity of the 
lode has been provM, and until it has, moreover, been demon- 
strated, that it also contains in the ground secured, mineral of 
sufficient value to pay for extraction. 

When snrface-prospecting has given as much information as 
possible, some sinking and driving should be undertaken to 
prove the continuity and value of the deposit in depth, and here 
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it is important to emphasise the fact that a proapeotor'a busiaeas 
is to prove, at as small an expeose as possible, the value of his 
disooverf, and not to prepare a mine for the ultimate oheapeet 
method of extracting the ore. It is the more important to insist 
upon this point, because in numberless cases, a lode having been 
discovered on the surface, the prospector sinks one or more 
vertical shafts; so located as to strike the lode, if it conlinnes 
downwards, at a depth of, say, 100 feet &om the surface, the 
shaft being sank through barren country rock, and proving 
nothing w£ttever until the lode is intersected; and, even then, 
it is only proved at the actual point of intersection, where it may 
be abnormally rich on the one hand, or on the other so pinched 
and poor as to offer but little inducement for fiirther work; 
many good properties have been abandoned by the original 
prospectors owing to this having happened 

To acquire the greatest amount of information at the minimum 
cost, the point should be selected on the surface where the reef 
is at its best, and, having determined the extent along the 
strike, as nearly as possible, which carries payable miner^, the 
shaft should be placed about the centre and sunk on the under- 
lay to a depth of 100 feet, or less, if the water level is reached 
sooner ; and, &oni the bottom, levels should be driven along the 
course of the lode as long as the mineral is of sufficient value to 
pay. 

It will be seen that by these means a block of ground can 
be cheaply opened, in which a certain quantity of ore can be 
measured and sampled, and an acourate idea of its value obtained. 
In measuring up quartz it is usual to estimate 13 cubic feet to 
the ton, in tiie solid, so that a vein 3 feet wide proved to a 
depth of 100 feet, and for 100 feet along its line of strike would 
contain IW " ^00 x ^ = 2,307 tons. 

The stone should be sampled every few feet and taken from 
wall to wall in order to arrive at a fair estimate of its value. 

In following up other minerals than gold, it must be borne in 
mind, that many of them have a tendency to decompose when 
exposed to the action of the weather, and, oonsequently, that 
the nature of the ore at the outcrop may be very different to 
what will be found in depth. Copper ores, for instance, are 
very liable to decompose and, forming sulphates which are 
soluble, to be carried away in solution by running water. As 
most copper ores are associated with a greater or less quantity 
of iron (see p. 165), the outcrops of copper lodes are very fre- 
quently represented by a porous ironstone, which is called 
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" gossan," and no sign of c^p^r is found until soma depth hai 
b^n sank. Qener^y spewing, an ontcrop of porous gOBsara 
may be looted upon as a very good indication for mineral in depth ; 
whereas, a dense ironstone seldom leads to rich deposits of other 
mineral below. 

There are certain points regarding the nature of the rooks which 
should be borne in mind ; for instance, tinstone is never found 
at any great distance from the junction of granite with some 
other rock, generally state (see p. 175) ; moreover, the otaas of 
granite in which tinstone oocnrs, is almost invariably one in 
which white mica forms an important constituent of ^e rock. 
Oopper ores are in most casea associated with rocks of a dark 
green colour, snob as diorite, <ko,, and some very large and 
important irregular deposits are associated with serpentine (see 
p. 169). Lead ores are largely associated with limestone forma- 
tions, as also are ores of zinc ; but, while all these points are 
worthy of attention, they must not be taken as forming any 
invariable rules. 

Many of the irregular deposits to which attention has been 
drawn in the earlier pages of this book are of great value, and 
certain of the rarer minerals, sach, for instance, as sulphide of 
bismath and native bismuth are found in these deposits. A. few 
remarks regarding the work of prospecting these will be of 
importanoe. 

These irregular deposits are not only irregular in their mode 
of oocnrrenw, bnt vary indefinitely both in size and shape ; so 
that no one by surface indications is able to form any opinion 
regarding their extent. It is even more important in testing 
these deposits when an outcrop has been found, than it is in the 
cose of a ree^ to follow them carefully in the workings. Any 
drives or shailH which may be commenced should follow the 
direction of the ore, no matter how crooked this may be, as it 
will be quite time enough to sink vertical shafts to work the ore, 
after its extent has been proved as far as possible by these pro- 
specting works. To sum up the question of development work 
which should be undertaken by pro^ctora, it may be said, 
" When the ore has been found, fdkiw it ! " 

There are a number of minerals of value which hardly come 
under the heading of ores, such, for instance, as the nan-metallic 
minerals which are used for industrial purposes. Amongst these 
may be mentioned witherite or carbonate of baryta, apatite or 
phosphate of lime, alnnite or alumatone, fluor spar, and scheelite 
or tungstate of lime, all of which are valuable if found in con- 
aideraUe quantities and in easily accessible positions. Even 
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the better Tuietiea of m&rb1e, gypsutn, and lithographic atone, 
whioh occur u rooks ; are worthy of some Mtention when well 
situated and of good quality ; and deposits of ironstone, chromite, 
or manganese area are all of value, if situated in positions which 
enable them to be shipped at low prices, and if they are 
sufficiently rich, say over 50 per cent, of the metal or chromic 
acid, to allow of their ready sale. The questioa of locality, 
however, ia ooe which enters largely into the value of deposits 
such as these, and the best deposit of manganese with a long 
land carriage would be valneless and not wortiiy the attention of 
the prospector. In localities difficult of access, none but the most 
valuable ores are worthy of attention ; and, generally speaking, 
it is only in the pursuit of gold or gems that such districts ore 
likely to be prospected. 

Nothing need be added to what has already been said regard- 
ing gems. They are nearly always found in alluvial drifts, 
indera, the diamond bus only been traced to its parent rock in 
S. Africa. In prospecting any alluvial drifts it thus becomes 
a matter of importance to carefully examine any of the heavier 
stones found in panning, to soe whether any of these valuable 
minerals exist. 

Gold and silver frequently occur under conditions which 
render it impossible to recognise them, and estimate their value, 
exoept b^ assay. Gold, for instance, is very frequently associated 
with pyrites, and, where this is suspected, it is better to roast the 
finely crushed ore as long as any smell of burning sulphur can be 
detected, after which the gold can generally be seen in the pan ; 
but it is necessary even then to assay the ore to determine what 
quantity of gold is present. 

What has been said about gold is even niore applicable to 
silver, for this metal seldom occurs in a native state, bat is 
generally associated with galena or other lead ores, or with grey 
copper; although, of course, there ore important deposits in 
which chlorides, snlphidea, aatimonides, Axs., of silver occur. No 
estimate of the value of an argentiferous galena can be formed, 
except by assaying ; consequently, oil ores of this class should be 
BO tested. 

The practice of assaying gold-bearing quartz, as a general rule, 
is not to be advocated j as the returns ore generally misleading, 
owing to the difficulty of taking average samples, and the fact 
that free gold is never equally disseminated through the stone, 
but occurs in grains, strings, Ac, the rest of the stone being 
abeolately barren. In sampling pyritous ores or lodes carrying 
galena, for purposes of assay ; indeed, in sampling any ore with 
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the object of making chemical tests regarding its conteats, it is 
necessary to take as large samples as possible. These should be 
taken from all parts of the lode exposed, and, after having broken 
the large sample thus obtained to an uoiform sise, the material 
should be well mixed and quartered, that part selected beiiu; 
crushed finer again ; and ao on, until the last lot from which 
the sample for assay is taken ahoiild be reduced to powder. In 
■ampliDg an ore in which the percentage of pyrites is compara- 
tively small, it is frequently better to crush a &ir quantity of it 
fine ; and, having taken a weighed quantity, to concentrate by 
panning, and only to assay the concentrates. Of course, if thu 
is done the weight of the concentrates obtained must be taken, 
and the assay results apportioned to the whole ore. 

The methods of tracing coal have been so fully dealt with 
elsewhere (see p. 81), that it is hardly necessary to make any 
further remarks on the subject. It, therefore, only remains to 
recapitulate as briefly as possible a few hints for the guidance of 
prospectors. 

It is obviously necessary that some attention should be 
devoted to mineralogy, not in the sense of distinguishing all 
the numerous varieties of minerals which exist, but the 
prospector should be able, by simple blowpipe tests, and some 
knowledge of their physical characters, to recognise with 
accuracy the more important and common minerals. Wlienever 
he finds a mineral which he cannot recognise himself, it is 
always worth while keeping a specimen, and noting whence it 
came, for subsequent determination. 

He should also make a study of the associations of minerals, 
noting the usual combinationB which occur, and which have been 
alluded to through this book. The minerals which may be 
mistaken one for the other should also be carefully studied, and 
the tests which serve to distinguish them. The natures of the 
different classes of rock are also of importance, and every 
possible information should be stored in bis mind regarding the 
mineittls which occur associated with them in other localities ; 
and, finally, so much stratigraphical geology should be known 
as to impress upon him the fact that the age of the rocks in a 
new locality has nothing whatever to do with their mineral 
contents. 

Above all other things, however, the prospector must be 
practical, and must avoid forming theories until he has sufficient 
grounds from actual observation to support them. He must 
test his ground carefully, and examine all the details, which bear 
upon the question, dispassionately, with the object in view of 
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proring to himself whether, or ao, any discovery he has made 
poBsesaes the elements of a eucoessfal mine, if followed up. It is 
always an impleasant thing to relinqaiab an undertaking which 
has been commenced ; but it is much better to do this at once, 
when it is apparent that it will not pay, than to continue working 
an nnprofiteble afiair. 

The prospector has always to be careful not to deceive himself 
and not to be led to conclnsiozis which he desires to form, if they 
are not supported by facts; and this is perhaps the moat difficult 
lesson of all which he has to learn, and one which is sometimes 
never leamt satis&ctorily. It should therefore be always 
remembered that, although every prospector must be sanguine of 
ss, his hopes must be tempered by judgment. 
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GLOSSARY. 



AooBiGAnoir, 

AlABAKDim, 

ATJHJfcf TR, 



Aldkiha, 

ALU£^ITIC, 
.^KALCAll, 
AJUIAAKATIOH, 



Ahoxphoitb, . 
Ahfhiboijtb, 
Ahioduoim, 

ANALona, . 
ANAUsm, . 
Amdalubiti,. 



Bvdnced to powder. 
L bodyoor 

A vaaety of hornblende, see p. 60. 

DiAmond-like. 

tiillcate of olnmina And potwli ; ■ variety of 

orthooUw. 
Silica — miitoras of ohnloedoBy in layere with 

jwper, Amethyit, or qotutz. 
A ooherant gnmp. 
Snlphide of nunganMe, 
Hydrous ralphate of Uma — a oompact fonn of 

gypvxw, 
Siiktle (rf aliusmA And lodR ; a fdipar. 
Hydrkta trf potMdnin, sodium, lithitun, and 



Nobk gAmet. 

A BolpbAte of AluminA And nthar potub, loda, 
BDnnoiiiA, magneaiA, or iron i aolutile in water. 
Oxide of aluminium. 
I A metallic element. 

Sulphate of Alumioa andpotaah ; a aonrcs of alum. 
, A lilver ore conaiatiiig of dlT«c and mercury. 
, Intimate miitora ; naed to daacribe the absorp- 
tion of gold by merouiy and tha methods of 
effecting this abmnption. 
. A foatil gam. 

, fflUoA i A purple TAiiety of qaarti. 

, Having no definite cryitalliiie farm or structun. 

. Hornblende rock. 

. Small almond-ahaped vnicnlar cavitiea in oertain 

igneoUA roolu, partly or entirely filled with 

other minerala, 
. Hydioui iilioate of alomina and loda ; > zeolite. 

A variety of baialt of medium textwe. 
. A silicate of alumina. 
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QLOBSARY. 


AnDtam, . 


. Ani^eonsrOCkconip>wedafiomeglaBariDAtter, 






Amomwti, . 


. Sulphate of lead. 


AsBjDsnz, . 


. . Sulphate of lime. 


ASHTDEOUS, . 






. AraenUteofnickBL 


AsQwam, . 


. Silkkte of alnmiiu And lima; a felspar. 


Anthuoitb, . 




ASTICUSX, . 


. A saddle back; applied to strata when bent lib« 
the roof of a ^ouw. 




Aimiioini»s, . 




A^miiotii, . 


. . A met«aUo element 


AvAira, 




AfOPHILLITB, . 


. AhydrotuidlioateofliiiiewithpDtaidmDfluoride] 




azeoUte. 


AqnAVAHINB, 


. . A silicate of almmiia and gludna; a variety of 
berjl. 


AqcwcB RooEB, . 






AfliOONITB, , 




ABOaXAH, . 


. . Fn-CunhrianTodkB-Ka OtolcffiaU TabU. 


AsGINTiyikUOUSi k 


. SUtst beAricg. 




. . Snlphide of dlvet. 


Akkobb, 




ABfltmrnm, . 




AaeEtfUTxa, . 


. Oompoundi of antenio acid with bAKi. 


ABSBNIO, 


. A metallio elemeoL 


Absinidis, . 


. Compound of araenio with metal*. 


Abbwtm, . 




jLStmvnm, . 


. . A mineral redn. 


Auoin, . 




AtnuraBomi, . 


. . Gold bearing. 


Airaimi . . 




BiCIttAB, 


. . Grouped in bundle* like rticlu. 


Backs, . 


. . The gronnd between a leyel in a mine and the 




next workings abova, or the mrfaoe. 


Back Leads, 


. . A term an>Ued to black >and "leade" on coast 
lines which are above high water mark. 




Bamsbd Vbiks, , 


. . Tdne made up of Uven of different minerali 


Bakkkt, 

Babmn, . . 
Babttes, 


. Auriferona conglomerate! cemented together 
with qnartE. 


. . Snlphate of baryWL 


BABrrocALom, . 


. Carbonate of buyta and lime. 


Basalt, 


. . AvoUuiiorockiaeepageS: 
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BlTTBBT, 

Bbddid Teihs, . 



Bebtl, . 

BlOTITE, 
BlSKUTB, 

BuKOTB Olamoi 



BrFDMEN, 
BmWNOTO, . 

Black Bajh) Ibohvtone, 



A mwibiiio for oruaMnK oreB. 

Veins mnnins ptu'allel with the itnta in which 

they occur, both in itrike aiid dip. 
Stratification; ths arrangBment of atnta in layvi*. 
Comi>act rock underlying looie or incohsrent 

stnta, mob u AllnvuJ dflpoaita. 
The thinner labdivuioiui of Mdimentaij rooks. 
A ulioate of almnina and ghidna. 

A metallic element 

Sulphide of binnath. 

Oxida of biamutb. 

Hydroni carbonate of UmiDth. 

Fitch or tar. 

ContainiiiK pitch or tar. 

Ai^illaceoiu carbonate of 



a with Utnminoai 



Bimni, 


. SulpbidB of rinc 




. A dark gFeeii variety of qnarU with apeak* or 




veini of jaapar. 


BtOWMPB, . . . 


. An inrtniment to caat a current of air throu^ 




aflame. 




. A ihale oontuning a large percentage ol hydro- 


BoBAom, . 


. A borate and chloride of magneei^ 


BOEAl 


. Aborateofeoda. 


BOBINO, 


. Sinking holes by mean, of rodi or dianuHiddrilla. 


BomnTB, . . . 


. Snlphide o( coppw and iron. 




. Like a bunch of grapes. 


BOITOll, 


. See Falte BoUon. 




. Sulphide of lead, antimony, and copper. 


BBAonm, . 




BHAEtUAS EHSAALD, . 




„ Sappho^ , 


„ 


Bbkwia, 




BBUTBAcnrrE, . 





Bboiiaxqtbitb, . 



Water impregnated with salt. 

Bromide of silver. 

A compound of bromine with a metaL 



Baonzm, 

Bbookh^ 
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QLOSBABT. 



Bbowk Coal, 


. Lignite; » bydroiu oenO. 


Bbows Ibon Obi, 




Bdbohm, . 


. DeUchedirngaUrmMMoIoremAyem. 


BdhTIK SAHIWKHfM, 




BUHIXD HlVKU, 


. BiTerbedi which hare beeabDii«db«lo«i(rMMU 




ofbaultorallnTiAldrifti. 


Oadmidk, 


. AnuUllicolemeDt 


CAttKOOBM, 


. 8mokyqn»rU. 


CAI.AIIIHI, 




CtLAVESm,. 


. TeUntida of gold. 


Oaloabkhtb, 




Snnro, 


. CbIcamoiu depocit from watt. 


„ Tufa, 


„ „ 


Cawibation. . 


. BoutingAtAgeDtleliMt 


Oalottb, 




OALonm, . . 


. A metallic elament 


Oaloiol, , 






. aeeOeclogiealTMe. 


OAmiL Goal, 


. H«it-lika. 


Capilubt, . 


Cabat, . 


. Sitroygruni. 








. InegulArafFihooUofmmeiairromlodM. 


CABBONAnS, 




Garbokio Aoid, . 


. Cubonic anhrdride OOt. 






Cabbohisatioii, . 


. Converaioii to carbon. 


Oasnallti^ . 


. Ohloride of magnesia and potuh. 




. AredTuiatyofquarti. 


Cabino, ■ ; . 


. Ckyra' material foond betmwn a vein ind ila 




. Oxidaoftin. 


Oat^ Et», . . 


. Oriental eafa ejre U ohiyKb«rrl and fal» oat-i 




«je quutE enaloting fibni of asbertoa. 


OAHNTraLom, . 


. A diagonal lode. 


OAraDEPoeiM. . 


. InwiUatdepoaitaof miDBTalintheeafMgen«< 


CEuenui, . . 


. Sulphate of Btrontia. 


Cemknt, 




CEsnaaiTB, , 


. Carbonataoflead. 


ClBTANTTra,. 


. Oxide of antimony. 




. Hydrous gilicate of alumina, lime, potash, imd 




soda; a leoUte. 


OBALOAMTatr^ . 


. Snlphate of copper. 


Chalqbdoht, , ^ 


. A variety of q^rti. 


Cbalcoftbiti, . 


. Sulphide of ooppec and iron. 
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CHiAnoizn, 
Cbloabthii^ 
CeiiObidis, , 

CsllOXIKAIIOH, 

Chlobine, . 
Chlobti^ . 
Chlokobboiodib, 

CUROHB IBOK, 

Cbrohitb, 

OOBOKHK, . 

Ckbtbobkbtii, 
Cebtboooua, 
Chbtbolit^ . 
Cbbtbopeu^ 



ClHHABAX, . 

Cut, , 

Olii Slate, . 
Olbivaqb, . 



Cobalt,. 

Cobalt Bioom, . 
COBAtTiraBODB Wad, 

COBALITFEBOCB MlBPlOKBL, 
COBALTDra, . 
COLVHHAB, , , 

COLnMHB (ofOb^ 

CoHBKDTxnm, . 

OOUBUSTIBLB, 
CONOHOIDAL, . 

CoNOBfnOH, . 



Silicate of alumiaa, 
Aneside of niokeL 
Compounds of ohloiine with metslH. 
, Convennon of sold into chloride of gold by tha 
action of chlorine. 
An element. 

A hydrooB dlic«te of nuf^neffiA and almuinit. 
Componnds of chlorine and bromine with metala. 
A ohromate of iron. 

A metallic element. 

Aluninate of glucitia ; a gem. 

A hydrous nlioate of copper. 

BiHcate of magneua and inm. 

An apple-graen Taris^ of qnartc 

Hjdnnu rilicate of magneuA ; a fibrous rariet; 

of ierp«ntiBe. 
Sulphide of memuy. 
False topac; a yellow vaiiety of quartz. 
A h;diated ailioate of »'""'''" in veiy finely 

divided particlei. 
A slate formed by the induration of oUj, 



The 



he property powessed by certain. mineralB a: 
RKUcs of splitting more 
directioiiB than others. 






The planea along which oleafage bakes place. 

An inBtraaieiit for meagnring aoglea on a verti- 
cal wall face. 

FoBsilised carbon formed by the oarbonigation 
of vegetable matter. 

A metallic elemeot. 

Aiseniate of cobalt 

Impure oxide of manganese, conlaitiiDg oobalt. 

Sulphide and arBenide of iron, contuning cobalt. 

Sulphide and arsenide of cobalt. 

In the form of columns. 



Sae Banded Veitu. 
Capable of brang burned. 
Shell-like. 

n without n 
A term applied to rocks in irtiich lodes become 

ore-bearing. 
Consolidated graveL 
Mineral de^poeitB oocurring at (he tine of junction 



oftt 



I dissinilar rooks. 
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OONTOBTIOir, . 

COFFEB, 
CatFSBjLB, . 

CoraxB Olakcb, . 
tkxtfta NioKZL, 

COPPBB PnUTES, . 

CoppBB Slate, 

COPBOLITM, . 

COBDIBBITR, . 
COBUKDUM, . 
COTEBHINOITS, 

Coossu (of Obb), 

CovBLLim, . 

Ckadu, 

Ob&tb Dau,. 
Oraiiufob», 

Orztaobods, . 
Obevioino, , 

Obocidolitb, 
Obocouit^ . 
OiOBa Couaa^ 



Cdpbiti^ . 

OlAHIDATIOR, 



QLOBSABr. 

CrampUng and twisting; 
A metallic clement. 
Sulpirte of iron. 
Sulphide of copper. 
Anenide of nickeL 
Sulphide of copper and iron. 
. Slate impregnated with coppar nineniilB. 

Phosphate of lime; petrified ezcrementi of 

animBlik 
Silicate of alumina, iron, and magneda ; a gem- 
Alumina; a gem. 
Finiihing at the same poiuL 
Deporits of ore in lodee haviiig a small vertical, 

batconsiderebU lateral, eitent . 
Sulphide of copper. 
An (ipparatui for washing alluTial gold, mounted 

, A dam built of cratea flllml with Etonea. 

In the form of a crater. 
, See Qeologicai Taite. 

Searching the crevicea in rooks forming the beda 
of streuna in Karoh for gold. 

A fibrous silicate of iron, soda, and magnesia. 

Chromate of lead. 

A vein interaeddng another of greater geological 
age, which it &equentl7 duplacea from its 
original course. 

fluoride of almnina and soda. 

The asaumption by matter of a definite geo- 
metrical form. 

A soliS six-sided figure, of which eaob of ttie 
HtdeB is a square and all the BSglea right angles. 

Red oxide of copper. 



A silicate of alumina. 



DkAD WOEB, 

Dbobzfitatb, 



Decrasatioh, 

Dkhtdratsd, 

Dzl7DBinOj . 

Dbnudatiom, 



Work in unproduoKve ground. 



IS buried below 

Wearing away. 
Deprived of water- 
Like broDcbes of trees. 
Stripping by water and other agents. 
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Dkvonian, 
Diabase, 

DlAU^QB, 
DiAUOOITB, . 

DtAKotm, 

DU.TOH3, 

DlOHBOIO, 

DiOFBlDB, 

DiOFTABB, 

DioBirr, 
Dip, 

DlBtKTBaBATIOIt, . 

Dislocation, 

DisTaitr^ 
dolbbitb, 

dolohitb, 

dohsikite, . 
Deedoino, 

Dei Omk, 

DOOTtLI, 

Ddnitb, 



EiTLOBsaoutai, 

£labtio, , 

EutnUTE. . 

ELBcnxnn, , 

Eleuhis, . 

Eletatioh, . 
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8m Geological Table. 

An igneoiu rock, Bee p. 9 

A lulicate of lime and m 

Carbonate of manganese. 

CcystaUiasd carbotl ; a gem. 

Minnte plaata wtiich are provided with BUiceous 

envelopes. 
Exhibiting two different colours when light is 

ifsuamltted in two different directions. 
Cordieiite ; a silicate of alnmina, iron, and 



ii every direction 



A BilioAte of lime and magnesia. 

A silicate of copper. 

Ad igneous rock, see p. 9. 

The angle of inclination of beds or itrata 

meastued in relation to a horizontal line. 
The breaking asunder of goHd matter due to 

chemical or physical forces. 
The displacement of rocks on either side of a 

Cjranite ; a silicate of alumina. 

An igneous rock ; see p, 9. 

Carbonate of lime and m 

Strata which are dipping away in 

Arsenide of copper. 

Rtusing material frau below water by means of 

Loose crumbly alluvial depotdte. 
Cavities in rocks lined with crystals. 
. Silver ores which do not conttun lead. 
Cap^le of being drawn into wire. 
A space below place of delivery where tailings 

can be deposited. 
A massive olivine rook in which email grains 

of chromite are intenipersed. 
A vertical or h^hly dipping injected sheet 

of eruptive origin. 

Cryetala or powder formed on the surface of 
minerals, due to their decompositioD. 

SabstaDCes cai«ble of being stretched and then 
resuming their original form. 

Elastic bitumen ; a hydrocarbon. 

An alloy of silver and gold. 

Substances which have m 

A front or side view of anything. 

An igneous rook, ss* p. 9. 
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Ehibi. 

EHaxATtn, 

Epcxhb, 
Epsom Sut, 
Ebodihii, 

EauBiaaiiB, . 

'EnVfl'lVEt 

Ebitbbihk, . 
exobvoehck, 
expolutv, , 

Fahlbandb, 
Faub BcrrroH, 

FlLSFABS, 



Flats [ov Obm), 

FLoooDimr, 

FlAOB, . 

Flooah, 
Fluob Spab, . 
FooTWAU, . 

FOBSIUFBBOCS, 

FoeaiLB, 



OLOSSART. 

ChloTobromide of ^ver. 
A ulicate of alumina and glncinai a gem. 
An impnre variety of ooiundum. 
Sulphide, knenide, and antdmonide of copper. 
A ailicata of nutgneaia and iron. 
. See OeotagiaU Table. 

A hydrous iQicatfi of alumina, iron, and lime. 

Hydrous sulphate of magnena. 

Gradoally wearing away. 

Bomite ; lolphide of copper and iron. 

Formed b; a violent breaklDg out of encliieed 

Annoiate of oobalt. 

Qrown out of. 

To peel off in leaves from the outside. 

Zonea of crvtrtaUine Bcbista impregnated with 
metallic sulpbidea which influence the liohnen 
of lodea paedog throogh them. 



a accompanied by a 

. Anhydrous ailicatea of alnmica and of au alkali 

Containing iron. 

CoosiBting of fibres wliich caimot be easily 

separated. 
A silicate of alumina tliat will stand intense heat ; 
it is almost entirely free from alkalies or lime. 
. Opencncka. 
, A lode occupying what waa once a fiasure opened 

by a movement of the rocks. 
, A horizontal ore deposit occupying a bedding 

plane in the rock. 
, Cloudy, resembling lumps of wooL 
. The bottom of a coal seam. 
A soft olayey mbstiuice, casing. 
Fluoride of lime. 

The lower side or boundary of a iode, 
. Bocka containing f osols. 
The remains of plants or »"innl« acuidetitally 
buried in tiie earth. 
, Olide of iron, dnc and manganese. 

Ores which jdeld their gold or mlvet to amalga- 

. A sulphide «f nlTer, lead, aod antimony. 
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Oabbbo, 
Oalkna, 

Q-ANom. 
Gabhrb, 



Gblatinibb, 
Gboloqioal Tabl^ 



Qbrsdobfihb, 
Glaoial DcroaiTS, 
Qlaohb Dnouifl, 

QlAOBKR Balt, . 

QLADOOIWra, 



An igneous rock, we p. 9. 

Sulphide of lead. 

A Milicate of ana. 

The matrix in a lode in which ore oociin. 

AnhTdroua silicatea of KlaminB and the earths 

coltmred by ozides of iron, inAii[;aneae utd 

chromiQin. 
A dlicate of nickel. 
FinmreB which ftre oonSned to partioalar rocka 

or beds and which do not extend into adjoining 

Domeabaped bendinzs, not only of tba atntta 
or formation, but of the earth'j crust covered 
with ita strata vbich msj or may not ba 
contorted. 
Become like jellf . 

The rocks which constitute the earth's onist are 
divided according to their ralatiTe pootion and 
foml oDDtenta as in the foUowing table ; thosa 
at the top of the table being the youngest. 
Port Tertdary— Hscent and Pleistocene. 

(■pliocene. 
Tertiary J Miocene. 

(Cunozfnc). j Oligocene. 
I. Eocene, 

Secondary J ?'!^°'- 
(Meeoioio), ^Triassic 
('Permian. 

Sasin-sbaped bendinpi of t^e «artJi'a cmat, tba 

reveres of ^antleluuli. 
An arsenide of uiokeL 
Intermittent boiling springs. 
Depofuta formed by the Im iheeta of the glacial 

period. 
Depoaila formed by existing glaoieim or their 

former extensions. 
Sulphate of soda. 
A variety of cobaltine. 
A stratified granitoid nek in which the minerals 

ate anuiged in layers. 
A hydroDs oxide of iron. 
A netalhc element. 
Sulphate of sno. 
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Gbahttb, 
Orahdlab, . 

OUFBITB, 

Obubkn, 

QaST COITKB, 

Obossula^u, 
Qtpsdu, 
hxhatitb, . 
Hau/jtsitx, . 
Hakoihh Wau, . 

Habmotoub, 
Haubiutb, 

HAUBNANNm^ 
H^UTNB, 



HnBTDi, 

HnUNSITE, 
HOHOaRNBOUS, 
EOBNBUDIDE, 



Hl&OINTH, 
HlDBAULIO Elevatob, . 



Htdbooabsonb, 
Htsboiuohesitb, 
Htdbotbkkhal, . 



HiPEBaTHENITI, . 

loELAMD Spas, . 
Idoorabb, 

Itunoirs, , 



. Hfdistedperoiiiifl of iron often quaitzose, fonnd 
capping lodei Hat conttuD femiginoai mmeiak. 
. An igneom rock, see p. 6- 
. Id the form of gn^oa. 
A form of carbon. 

A gnuiitic rock conauting of mica and quartz. 
. Tetraliedrite ; a complex copper ore; see p. 163. 
, A greeu variety of garnet. 
. Hydrous mlphate of lime. 
. AnlijdrouB oiide otiion. 
A bard clay. 

The upper aide or boondtuy of a loda oppoaitv 
the foot waU. 
. Eydroua ailicale of almnina and baryta. 
. Solphide of manganese. 
. Anbydivua oiide of manganesa. 
. Klieate of alumina, loda, and lime, and anlphate 

. An apparent lateral diaplacement of a lode pro- 

dooed by a fault. 
. Black variety of augite. 
. Bloodstone ; a dark ^een variety of quartz nith 

Bpecka or veina of jaepar. 
. Tellnride of gold. 

Hydrous ailicate of alumina and lime ; a leolite. 

Of the same structure throaghout 

A silicate of lime, magnaiia, and iron. 

An igneoUB rock ; nee p. S. 

Chloride of silver. 

Warm and moiat. 
, A variety of Eircon. 

A machine for raising gravel by means of 
hydraulic prasaura. 

Lime which has the property of letting under 

Compoundi of carbon and hydrogen, 
. Eydrona carbonate of magnesia. 
Pertaining to hot water, eapeaaUy with respect 

to ita aotaon in diasolTing, re-depodting and 

otherwise producing mineral dumgea within 

the cmat tn the globe. 
. Containing water regarded as water of crystal- 
Haation. 
A ulicata of magnesia and iron. 
A rock formed of labradorite Hid hypeisthene. 
Cryatalliaed transparent carbonate of lime. 
A silicate of alumina, lime,' and magnesia. 
Applied to all agencies, operaUoos, and results 

which appear to be connected with snbter. 

ranean heat. 



iMKHnmiHa TAiLnoa,. 
Ikprbohation, 
Ikdkutob Vbk, . 



Iir Srrn, 

JSTEBATRATIWIED, . 
iKTRUaiOH, . 
iNTtmSOKNOB, 
lODASOTBin, 

iBIDtaOINT, . 

Ibidiuv, 

lUDOBlCm, . 

IXON Ftbtibs, 
Ibomobfhish, 



jAimoNTn^ . 
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Enclodcg: tham so that thej cannot flow when 

they ars not wanted. 
Ore dlssetniDated tfarangh rack and having no 

■haiplj-defined limits. 
A vein which ia not metaUifBTom itself, hnt, U 

followed, leadi to ore depodts. 
Haidened. 
A riliceotu deposit fomied cihieflr of fragmeote 

of diatom*. 
In the place where fonnsd. 
Interbedded with. 

Swelling when heated. 

Iodide of silver. 

A metallic element. 

EUhiUtdug a play of different colonn like s 
rainbow. 

A metallic element 
. An allo7 of iiidimn and oeminm. 

A metallic element. 
. Sn^bide of ir 

T1>?J>^ 

I forme, of repladng c 
minerale. 
A flexible sandstone. 

Nephrite ; a eilicate of lime, magneua, and iron. 

A snlphide of lead aikd antimony. 

A variety of drcon. 

A haid variety of ooal, which ii cut and polished 



A very pure clay. 

A giun which emdee from the Icanri pine in New 

Zealand, and ie frequently found f cssiliBed. 
Chloride of silver. 



Cl»y slate. 

Those rocQcs in which lodes become productive 

of mineral of valne. 
See Cpanite. 

A silicate of lime, alumina, and soda. 
Lenticular sheets of eruptive rock spread between 

beds, having an intnudve origin aitd not occur' 

ring as an overflow. 



vGooi^lc 



S2e 

hAMVM, 
IlAPIB LAIULI, 
LAUHOHTin,. 

LUDUO, 

liKNTICULAS, . 

Lbpidoltii, . 
Lbkooutb,. 

Liomn, 

Lnmrotn, . 

LiHONin, 

Lmosuran Brom, 
Lira BiTXBB, 

LODB ToBiuncnt, 

Maohbia, . 

Maoiibuis, . 
MABsmo Ptkimb, 

Maonxtitk, 4 
IlAiN Bonoic, 
MALAOsrni, . 

UAKMIUiABT, 

Harqahh^ . 
iiAnaaoTM, . 

Mabtiti^ 

Melaoonitk, 
Melaxiz^ . 

MgT.ap titw^ , 



QLOSSABT. 

Id thin ibeeta. 

Thin pUt«8 or scale*. 

UltnuDarins, lee p. 77. 

A silicate of lime and alamiua. 

Book* which have flowed in a molten rtate fron 



reofEBhooti 

The auriferoni portioni of allnvial depoaita 

marking the former cooiM of the rtceam. 
Iisni'like. 
. A lithis mioa. 
A TBiistj of pTToicma-oliTine-rocfc. 
Fhotphate of copper. 
A hrdroos variety of ooal ntaining it« woody 



Book fomwd of carbonate of lime, 

Hydroiu oiide of iron. 

A inlphide of niokel and oobalt. 

A vary fine grained limeitone. 

Biven which are now ranning. 

Any vein that appears likely to prodoc 






SI 



Ulea 



Parte or gronudvork of igniraui looka. 
. Oxide of magnesium. 

Carbonate of magneiia, 

Pyirhotina ; a sulphide of irou. 
, Magnetic oxide of iron. 
. Hud rock below allnvial depont*. 

Oreen carbonate of copper. 
, Capable of being moulded. 

In smooth, rounded piominencea. 

A metalLc element. 

Hydrous oxide of manganeae. 

Metamorphic limeatone. 

Radiated i^tea ; rhomMo sulphide of ircn. 

A variety of luunatjte. 
. The rook or mineral contuning metallio ot«a <w 



A hydrous silicate of : 
Black oxide of copper. 
A black variety of gamet. 
An igneous rock. 
A metallio element. 
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1£btbobio Iron, 
MioAa, . , 

MlOA ScHIOT, 

MlLLEBlIX, , 
MlUBl'ITB, 

MlRTCH, 
MlOCBtlS, 
MlBPICKKL, . 
MOLTBDZNITK, 
MOLTBDBmUf, 
MOLTBDITB, . 
MOOMSTOm, . 
HOKAINBB, . 
MODIJTAIN ~ 



UoBoovm, . 

NACBZOtTB, . 

NAOIAOnB, , 

NATBOirra, . 

Natsoh, 

NiFBun, 

NEfTDNIBnt k 
NlOKBUNB, , 

NioEU. OoHss, 

NlOOPTBTIB, . 

NlTKATH, . 
NiTUATIHB, . 
NODDLAB, 



Obbidian, . 
Ootabsdbite, 
Ootahxdboit, 



. Metal bearing. 

. A term used to eiprms A ohan^ in the miSera- 
logical or chemicsl oompoaition Aud intemAl 
structure of rooks prodoced by the 6perAdon of 
heat, heated water or vaponr, presEtire, &c. 
Iron which has faUen on the earth from intor^ 
piaaetarj space. 
. Flexible uid elastic minerala oocnning in thin 
platee ; ailicatea of almnina and potMh, mag- 
nesia, lithia, or iron. 
, A metamorphic rode coniiiting of a lamutated 

aggreitate of qnartz and nioa. 
. Sulphide of nickel. 
. Araeniate of lead, 
. Red lead ; oxide of lead. 
. See Oeeltjf/ical TaUe. 

Sulphide and arsenide of iron. 
. Sulphide of molybdenum. 

A metallic element 
, Molybden-oobre ) oxide of molybdenum. 
. A variety of adnlaria felapar. 
Deposits formed by gladers. 
Impure asbestos. 
Pyrites ; sulphide of inm. 
. Potash mica. 

. Resembling mother o( peaiL 

Telloiide of gold and lead. 

Hydrous silicate of alumina and loda ; i 
, Caibouate of soda. 

Jade ; a silicate of lime, mogneBiA, and ir 

Those who ascribe all geological i~ 
the action of water. 

A metolljo elsmant. 

Argenida Of nickel, 
. An aneniate of nickeL 

Sulphide of niiJcel and iron. 

Compounds of nitric add with baacs. 

Nitrate of soda. 

CoQcreldonB of rock matter aggregated round A 
central nuclsus. 

Silicate of nickeL 

A body about which anytlling is oolleoted. 

A Tolcanio ^ASi. 

Titanic oxide. 

An eight-sided figure, each of the eidea bdng ad 






Oboanio Ookfodndb, . 
Obohtal AuerHTCT, . 

„ £U&ALD| 

TOPAl,. 
OSPDOHT, . 
OBTHOOLAa^ 

Odtobof, 

0X0*3, . 



Pan AKAUiAKATioir, 

PABTDfOS, . 

Fbaoook Obe, 
PwiitAinx, . 

PnWIKE, 

Pkblitb, 
Pbbhtak, 
FmtiFixD, . 
Fetbolbuh, . 
Pbtboloot, . 

PeTZII'^ , . 

vsevaxus, . 
Phosfhatbs, 
Pine (or Ou), 

PiBOLTnO Obu, . 

PiTOHBLBIISB, 

PimHaroRB, . 

Fl.AQlMn.ABa, 



OL063AST. 

An ozido of iron lluBnutite}. 

BiRfte of aloiniiuk toda And Ume; ■ soda-Iims 

febpu. 
. SilioBte of nugDMu Mtd iron. 
A Tuiet; of qiurta in aU«m*(a !»; en of wfaita 

and brown or vhit« and bUck. 
Hydrooi nlic^ 
Exhibiting ft play of colonn like the preciona 

opaL 
Componndi contAining urbon, gsDenUj' deriTed 



A. mdphide of Maenic 

AailioKtoolBlntniiia*adpotaali; poUsh f elspai- 
The Appeaiuice on Che muface of the gronnd 

of ft rock, lode, or coal Beam. 
Oonpoanda of oxygen with any elemeol 
Mjneral wai ; a loUd petrolenm. 

WaHa built of loose nutteiiftl in mines to anppoct 

the roof. 
A mstaUic elemenL 

n of niTer or gold with meroury by 

. Sniall bftDdi o( ahale or stone oocmring in a coal 

Copper pyiitea whit^ has bec<HDS taminhed. 

Besembling mother of peari. 

Tdni of ooanely cryitaniied gianite in gnmita. 

A variety of ohlorite. 

A Tolcaoic glasB. 
, See Geoleffkal TaHe. 
. Changed to atone. 

A natural mineral oiL 

The Btudy of rocki. 
. Telloride of ailvac Aud gdd. 

A dlicate of glnciaB ; a gem. 

Compounda of phoephinic acid with a base. 

An elongated body of ore in iimaatone, generaUy 
standing nearly verticaL 

In concretuHis about the eize of a pea. 

Oxide of nnniam. 

A Toloanic glass, eee p. 9, 

Felspan in which the two principal clearag« 
planes are not at right anglia to one another. 

A green Tarietf of quartz. 

Easily moulded. 
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PuTDnm, . 


, An uiej at piatmimi ana inaiam. 
. A metallic elMnent. 


PuwntiOT*. . 


. A vwiety ot epinel. 


PUCATIONB, . 


, The (mkller foldings of k rook. 


Puooras, . . 


. Bee Oa,U>fhcai Table. 


Plukbaoo, , 


. Graphito ; ctvbon. 


PLDifB Bob, . 


• A^^M.5^d.dte.*n^c«.V,J...™™ 


PurroNum, . 


. Those who attempt to explain all geological 




. , A Bnlphide of rilver, ooppw, snlimony, ud 




Kaolin, the porest form ot clay. 


FOKFHTRITI,. 


. An igneooB look oondating siHntianr of a tnie 




w^'S^S^picaowJ^iSL a^ BmboddST*"" 


FOBPHTBT, . 


Position Bloom, 


, M'"iiB i^aimB which aie in a pondon vhich 




will contain a lode if it oontinne, in the dine- 




tion in which it hw been proved in other alaims. 






FOTABH, 


. Oxide of potuuiun. 


FBBoiPiiAn, . 






by the addition ot another lolatdon. 


TBMBSTim, , 


. A rilioate of alumina and lime. 


FlUBNAHQ . 


. Inprira.^ 


pBIBMe. . . 


. Solids whoee boAea are plane figwei, and whoM 






Pboddottvi, . 


. Yielding payable ore. 


Pbofilue, . 


. OriginallT defined u tertiaty vdcanio rocks 








a fine-grained non-vitreoiu ground maa*. 


FBOePBCTFDia, 


. Searching for minerals. 


PHODBTm, . 


. A ffiilphide and ar«n{de of nlrer. 




. ManganaU of baryta. 


PuincE,. 


, A vedcniar volcanic glam. 


PtTBTLxoF G&B«nm, 


• ^ss£^aS£'s'il'■'-"*«■'-""" 


Ptsabotbit^ 




pTBim, 


. Cubic sulphide of iron. 


PiBOMWrra, . 






, Phosphate of lead. 


Ptbopi, . . 


. A variety of gamat. 


PiBoeiuuDi, 




PlRBHOEDn, 


. Magnetic pyrites ; sulphide of irofl. 


Qdabbizd, , 


. Worked in the open. 


(joAKra, . . 


. Cryitallised silica. 
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Qdabis Fobphtbt, 
QciouJiiB, . 

QmoKBILVKB, 
R>At:aAB, 

Bed Lead, . 
Redbutuite, 
RBDVtmoH, . 
BEsn, . 
BBnuonoR, 



RHOHBOHEDBOIt, 

Bhtoute, 
Ribbon Vbiks, 
Rim Book, 



Book OBniftL, 
Rook Savt, . 
Boor, . 

RUBKWJTE, . 



Sai^-Ahhokiao, 
Saltpetre, . 

Samflino, . 



OLOB8ABT. 

. An igDMmi lovk, we p. 0. 

A metunon^iic undstone. 

An igneous rock, (ee p. 9. 
. Oxide 1^ oalciDlD produced by routing limestmia. 

MercDT7 ; a metAllic element. 

DiTeifing from » centre. 
Branched In many direction!. 
Sulphide of anenic 
. MlninDl ; oxide of leal 
. Oopp«F gbnca ; aulphidaot copper. 
, Bedacing compoundi to a metallic iitata. 

Lodes, ledgn, or Teini. 
. DeTiation from a direct conne ; the property 
po«se«Bed by some taineraU of deflecting ravi 
of light. 
. Difflcnlt to treat for the leoovny of metals. 
. Kidney-liks. 
Reumbliog renn. 

Ymtu travendng rodu In all direotiouL 
. Faolti doe to thnut, the banging vail aide of the 

fault beii^ forced apwardi oa the footwalL 
. Silicate of maogMieae. 
. A twelve-sided figure, e«eh idde of vbich Ei » 

rhomb. 
. A dx-dded fignre, each nde of which ii a diomh, 
. An igneom rook, eee p^ 9. 
. SetBandtd Veint. 
. Bedrock in aUaTial mining which onterope ainve 

the level at vdiich the anTiferooi lead occnre. 
, A Twiety of ohlorite. 
, That portion of a bed or ooal «eaic which lies 

aboTe a level U eaid to be " to the riie." 
. A clear colooriem variety of qnarti. 
. Chloride of aodimo. 

. The strata immediately above a coal uam. 
. A red Tariety of tourmaline. / 

„ „ comndum. 

A form of oxide of titaninm. 

. Uke lamp (iigar. 

. Qnartz reefs occurring in the form of saddles; 

see p. 141. 
. Chloride of animoninm. 
. Nitrate of potash. 
, Mixing ores bo that a portion takett may fairly 

represent the whole iKidy. 
. Consolidated Band. 
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SAirtDtHC, . 




Baraas, 




Sabdontx, . 


A variety of quartz. 


BAtlXIAHa, . 


A gronp of reptiles now cxtinot. 


SOABP, .... 


A ateep face. 


SoHuLTn, . 


TnngBWte of Iini«. 


Schist, .... 




SCHOBI, 


A black Tarifltj of tourmaline. 


Skotili, , . . 


Oaa be cut with a knife. 


SSOTIOK, 


A cut tbroDfcli. 


Bedimknt, . 


A dBpo«Lt formed by water. 


SiEDnaHTABt, 






Asgn^atlons of ores in a cavitjr baring mi 




_ uregular form but defined linut& 


BlUNIDH, 


An element. 


BBBFEHTOn, . 


Hydrous eilicate of magnsda. 


Sbau, .... 




BHDiau, 


C9ean gravel 


Bmxm. . . . 


Depoeila of ore in lodn, which have a limited 








depth i they generally dip at varying anglea 






SiDXBin, . . . 


Oarbonata of iron. 


SlUOA 


An oxide of silicon. 


SiuoAin, . 


Comporaids of siUca or iilidc add with a baM. 


BlLUBUB, 


See atolOffKol TabU. 


SlLVM, 


A metallic element. 


SiLTXR Olako^ . 




811™.,. . . . 


A deposit from hot spritigB. 


Suoa, .... 


Furible nlicates formed when ores are smelted 




and the metali eitraoted. 


SLiT^ .... 




SuowMBrosi. . . 


Smooth, poliahed, and sometimo striated sor- 




facee on the walls of lodes produoed by frictioa. 


Blidi, .... 


A fanlt or cross comie. 


Suna, 


The very fine gramed particUs I^dnced by 
crashing ores, which do not readily sink in 




water. 


BaSIMS COAHNEL, 






the gold has been erttacted from aUuvial beds. 


Sldiob Box, . 


A wooden trough in which aUuvial beds are 




waabed for the recovery of gold or tinstone. 


SLUiauia Tabls, . 


A Uble on wheek used for washing black sand 




for gold on the coast of New Zealand. 


Shaltihi, . 


Aisenide of cobalt. 


Bwrmoinn, 


. Carbonate of dnc (Dana), 




. A compact variety of talc. 
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BODi 

SoLPATuuo AcnoK, . 


Spatbio Ibon, 


SranoaisJCHiii, . 


Spibm, 


STAUomm, . . 


Stauquitb, 


.Stamnih*, . . . . 


SiXATiri, .... 


Stepbahitb, . . I • 


aUlUIBKROITB, . 




SllLBITI, .... 


SrocEwowra, 


Stkatutoattoh, . 


STBliK, 


SlBUTID, .... 


Stbiei, 


STBOMBIEWSt, . 


Stbobwa, .... 




Stbontidm 


8in,PHATES 


SOLPBIDM 


Sdlfbdb, .... 




SVNSTONE, .... 


Sdbtaoi CHAxan, 


Stebitb, 


BnTANlTB 


Sthdldib, .... 


Tachylttk, .... 


Tailinob, .... 


Tail Back, .... 


Talc, 


Tbllubicm, .... 



OLOSBABT. 

Oiide of sodium. 

The final Btage of volewiio enipttaii when rteun 

and gwwH only are emitted from the onttecs. 
Carbonate of iron. 

Alnminate of magneeia. 

Tincle-like iTicrustationa ^At>gjpg down fnroi 

the roof rf caveB, 
ffimilar to Btalactiteo, but formed on the Boor 

of the eavee by the deposition of solid matter 

held in solution by dropiriiig water. 
Sulphide of tin and copper. 
Hydrous Bilicate of miffneaia. 
Sulphide and antimonide of mlrsr. 
Sulphide of diver and iron. 
Sulphide of antimony. 
Hydrous silicate of alnminA and lime. 
Bock which is traveiBed by so many metalH- 

feroui veine as to randar the whole deposit uf 

Hnfficiant valne for tr^tment. 
The arrangement of sedimentary rocks in beda or 

The powder of a mineral or tiie colonr-Effeot pro- 
duced by scratching it with a knife. 

Marked with fnrrowB. 

A horizontal line upon the floor of a bed or foot> 

wall of a lode- 
Sulphide of silver and copper. 

Oxide of strontiuin. 

Carbonate of strontia. 

An element. 

Compouods of giilpbnric acid with a baaa. 

Compoondg of aolphnr with metals. 

An element. 

A sulphide at hydrogen. 

A variety of oligoclase, 

A]I eipenses incurred on the surfitce of a mine 
which have to be charged agunst the mineraL 

At) igneous rock, see p. 9. 

Tellnride of gold and trilver. 

Strata bent in the form of a tnragfa. 

A volcanic glass. 

The refuse from a mine after the valuable or* 

have been extracted. 
A channel for removing tulings 
A bydrona silicate of magnesia. 
A metallic element. 
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THOmOBITB, 

Till, 
Tiiuzm, 

TiK DiBH. . 
TiK FniTBB, 

TuraToiiE, . 

TlTAKATBS, . 

TiTAHIO iRon, 

TiTAHIUlI, . 

T(ud'b Xtz Tra, 

TOP&E, . 
TOKBAKHS, . 

Toimuun, 
Traohtti, 
Tbanblccbnt, 
Tbahsiarbht, 

Trappban, . 

Trbmouts, . 
Triasbio, 
TBioLnno, , 

Tbidtmiib, . 

Tripoli, 

Tboublm, . 

TrMQBTATIS, 
TOSQSTEB, . 

ULTBAHABim, 

Undbbolat, . 
Unbeblai, . 
TTbanidm, 

UffABOITTEB, . 
VALKHmOTB, 

VtsunuixiK, 

VlTttKODB, . 
VlVlANlTI, . 



A mlpbidc and ansnide of copper ud kon. 

A complsi copper ore, lee p. 163. 

HydrouB silicate of olnmina, lime, uid lodk; 

A glacial depodt 
Hornblende andesiie. 



Snlphide of copper and tin. 
Cassiteiite; oxide of tin. 
Oompoimds of titAuic acid with a hue. 
Specolar iron conttdning oxide of 
A metallic element. 

parldoles 

ligbter colonr. 
A silicate of alumina with fluorine ; a gem, 
A dark brown variety of cannel coaL 
A ailioaCe of alnmina and other oxide*, see p. 7^ 
An igneona rock, see p. d. 
Transmitting light, bnt not (xamipBrent. 
Tranamitting light perfectly; objecti CMi be seen 

through a trKogpareDt medium. 
Bocks occurring in dykee and (beets. 
. Material deposited by calcareuu* tpring*- 
. A white Tariety of hornblende. 
. See OeoUgkia Taile. 

Crystak bftving three axes which are not at right 



Disturbances in a coal seam. 
Compounds of tungatic add with a base. 
. A metallic element. 

Lapis lazoli, see p. 77. 

The clay forming the floor of many cod M 

The inclination of lodes to the verticiL 

A metallic element. 
A chrome garnet 



Oxide of antimony. 
A silicate of alnmina, lime, and 
Glassy. 

Hydrous phosphate of iron. 
, Ejected from a Joloano. 
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WlTHBRin, . 
WOLTRAH, . 

wollutontt^ 
Wood Tih, . 



Zno, , 

ZlHO BLCNDt, 

ZiNo Blook, 
Znom, 
ZiHOEmn^ 1 

ZlKOOM, 

Zomi^ 
ZwirrmR Rook, . 



QLOS8ABT, 



An impure eartbr oi 
, P»rti of ooal MMM vhioh have been ranoTcd bj 

Btreanu flowing at the Uma of their tormatioii. 
. The powar vhioh ii dereloped hy the praaora of 

rater when applied to water wh " '" ^ — ■"" — 

&c. 

Anfajdcooa kilio»te of lina 
Danu boilt from the nde of a i 

abject of defleotii^ tt from its coune. 
. Oarbonate of baryta. 
Tnngatate of iron and manganeea. 
A ailicate of lime. 
Tiiwtone of a brown colonr of rarioiu ahades ; 

botryoidal and renif onn in ahape and Sbrotu in 



If with the 



Moljbdate of lead. 

. Hydroua nlioatee of alluUei or alkiliite e 
with nlicatea of alumina. 

A metallic element 
. Sulphide of zino. 

HTdroua carbonate of lino. 

Red oxide of zino. 

Sulphide of lead and antimony. 

A ailicate of sroonia ; a gem. 

A non-fenif ennu rhombio ally of epidota. 

A atoclcwork poiphyty at Altenberg. 
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THE DESIGN OF STRUCTURES: 

A Practical Treatise on the BuUtUns of Brldses, Roofs, be. 
By S. ANGLIN, C.E., 

ttmmx ot Kngiiiecriiii, Royal Uninnilr of Ircbuid, late Wbiiwoitb Schotiu, &c 
n upfa wtm ingty Rcommead this work not odIt to the StudcU, u 
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In Large Crown Svo. Handsome Cloth. With QOI Uluatrations. 63. net. 
AN INTRODUCTION TO 

XKE: DCSIOl^ OF BESAACS, 

GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

■ With SxarapUa in Qraphio SUttioB. 
By WILLIAM H. ATHERTON, M.Sc, M.I.Mech.E. 

Ughly."— Jfoiure. ' " ' ' 



A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION; 

Being a Text-Book on the Construction of Bridges In Iron and Steel. 
FOR THE USE OF STUDENTS, DRAUeMTSMEN, AND ENQINEER8, 
By T. CLAXTON FIDLER, M. Inst. C. t 

Prol. of £n|mceriiig. Uaiversity CoUege, Dundes 



/n Medium iva. Fp. i-xv + 148, fully IlluslraUd. Price loj. bd. net. 

CONSTRUCTIONAL STEELWORK: 

BelngNoteson the Practical Aspect and the Principles of Design, together 

with an Aeeount of the present Methods and Tools of Hanufkcture. 

By a. W. FARNSWORTH, 
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SSaiNSlBRlllQ AND MECHANICS. a? 

In Large 8vo. Handaome Clotb, Gilt, Uoiform with Stability of Ship* 

and Stea Ship» (p. 36). With 34 Folding Plates and 468 

lUustrfttioQB in the Teit, 30a, net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYS80N CUNNINGHAM, B.E., Assoc.M.lNar.C.E., 

or tba EQ^oeerB' Depuunent, Mnsay Docki lad Hftrbour Board- 
GENERAL CONTENTS. 

Hiitorical and Diacumive.^Dock Design. — Constructive Appliances. — 
Mateiials. — Dock and Quay Walla. — Entiauce Paeaagea and Locks. — 
Jetties, Wharves, and Piers. ^Dock Gates and Caisson a. ^Transit Shed* 
and Warehouaea. ^Dock Bridges. ^Graving and Repairing Docks. — 
Working Equipment of Docks. — Ikdhx. 

'^Wahavenevet Been a more profuAely-Ulustrated treatise. It la a moit Importsnt 
■tindard work, aud ahoald be In the hsiKIa ot all dock ^d harbour engbieeis."— S(&inuA<]i. 

"WUl be oi the greatBet lervice to the eipart a* a book of retorBnce."— BflsrtnMr, 



FouBTH Edition. In Two Pwtg, Published Separately. 
A TEXTBOOK OF 

Engineering Draf ing and Design. 

Vol. I. — Practical Gbohbtbt, Plane, and Solid. Is. 6d. 
YOL. II. — Machine and Engine Dbawino and Design. 4s. Gd. 

SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.LMech.E., 

iTlDcliwI al the Batloiea Faljlachnlo IniUtntt, ^. 

With ma)^ lUmtnUitmi, apeeiaUy preparnd for the Wort, and nunuroiM 

£MmpJM,/or the UaeofStudenU in TechnKal SehtmU and GoiUga. 

" A Eunu laiT-wwi, amiifnd on an aiaiLUH* btbtih, calculated to (Ire as intelllgaBt 

pMp of at nbleot. ud not the mere facaltj of meehanial ooprlu. . . . Hr. Weill thowi 

boirtomakeconLm VDaiiia-Duvmei, ^Kaulag hillr auhBUo In the daelEii.'—XleuHail 



In Large Crown Svo. Handaome Cloth. 4a. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

is, 

le Engine 

CosTBKT.-i. — Laws and Principlea of Thermo- Dynamics. — Hot-Air 
Enginea. — Gasand Oil Engines.— Refrigerating Machines.— Transmission 
of Power by Compressed Air. — The Steam Engine. — Unresieted Expansion 
and Flow through OriScea, — Flow of Gasea along Pipes. —tj team Injectors 
•nd Ejeotora. — steam Turbines. —Apfbs dicks. — Indki:. 
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as OHABLSS QRlWflS A OO.'S PUBLIOATIOSS. 

In Handtotne Cloth. With 251 lllusliaticns. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

AITpmUIm dd the Prinelples of Conitructlon of the Steam Turbine, 

with Hlitorfeal Not«> on Its SeTolopment. 

Bv ALEXANDER JUDE. 

CoKiHTiTS—FUniUineotBl.— Historical Notes on Turbines— The Velocity of Sleam.— 

Tjpa of Steam TVbinei.— PiMtiial Turbines.— The Efficieoey of Turbines, Type I, — 

Tliieeloiy of the Sleam.— Efficieoey ofTurbioes, Typel II., III. and IV.— Turbine Vanes,— 

Due and Vue Fricdon in TurbincE.— SpceiBc Heal of Superheated Sleam.— StteuHi 

of Routina Diso.—Gaveming Steam Turbines.— Sieam CoDsumption of Tuibtnu.— The 

WbirliacarShafii.- SpeedofTuibinei.- Index. 

" One of the Jaleil bsokl . . . alu one of the best . . . there is abuluKly no 

tiuratureof'the'sLib;.:!:!.''- J'l'rH'iV/uxi K'^Vr in the TYnrri Engineering .SuppIemeoC 



Works by BBTAM DONKIN, ■.InstC.K, H.Instllecb.E., fee 

Now Rkadv. Fourth Edition, Revised and EnU^ied. With 

additional lUnitrationt, Large 8vd, Huidtoine Cloth. 255. net 

A TBBATISB ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Contents.— Past 1.— Qbs Enslnes : General Description of Action and Parts.- 
Heat Cycles and Oaiaification of Gas Eriines.— History of the Gas Engine.— T 
Atkinson, Griffin, and Scockpon Enginei.— The Otto Gas Engine.— Modem Oiiish G 
Engines.— Modern French Gas Enalnes,— German Gas "- ■ " - " ■ ' 

Motive Power.— UliUiation of Blast-Funiace and Coke-ove 
of the Gas Engine.— Chemical Composiiion of Gas in an 
a &IS Engine. — Explosion and Combustion i 



Petroleum EnElnes: The Di 

Treating OU.— CSrt 
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■Aip Engines. -Api-a 

w publlsTied on G»s, G 



In Quarto, Handsome Cloth. With Nnmetous Plates, 251 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LJU<D, MARINB, AND LOCOMOTIVS:). 

With many Tests and ExpeFlments on dlffeFent Types of 

Boilers, as to the Heating Value of Fuels, &e., wltti ■ 

Analyses of Gases and Amount of Evaporation, 

and Snggrestions for the Testing of Boilers. 

By BRYAN DONKIN. M.Inst.C.E. 

GEnBRiL Contents.- Classification of I>iirerent Types of Bdleis.— ^ae Experiments an 
English and Forei^ Boilers wilh iheir Heal Efiiciendes_ shown in Fifty fables.- Fire 

mluiMi of Heat"through Boiler Plates, and'"heir l^ipperUure.— Fe^ W^^Hea^mi 

Bmlers.— Marine and Locomotive '^°erE°— Fuel Ti^hig SQtion" .— Di^ssbn ofdie T^ 
and Conclusions.- On the Choice ols Bnler, and Testing of Land. Marine, and Locomotive 
Bdleis. — Appendices,- Bibliography. — IwDnx. 

iVith IHatt! ilhislratiHg Pregrtss made during recent years, 
and the btst Modem Practice. 
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SNQINHMBIHO AND MJeOMAHWIi. »9 

In Large Crown Svo. Bandsome Cloth. With 131 Illustrations. Ss. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prop. J. 

PioleMor of 
"Thonmthlf up ta dit« &d 



Fourth Edition, Revised. Pochet-Size, Leather, 12s. 6d. 

BOILERS, MARINE AND LAND; 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook or Bulks, Fobhdlx, Tables, &□., belatitb to Matibul, 

SOANTLINOS, AND FBESSUKE8, SaTETT VaLTEB, SfKINOS, 

FrniHaa ahs Uoininvas, &o. 

FOR THE USE OF ENGINEERS, SURVEYORS. BOILBR-MAKEBS, 

AND STEAM USERS. 

Bt T. W. TRAILL, M.Inbt.O.E., F.E.E-N., 

LfeU AislnHr flarTfijor-kD'ChLef to tbs Bovd (^ n>d«. 
t" CouUlu ID BnouiODI (tulNTiTT or iHioaiiiTioii unuiEed In I Terr HmrenlHit rmiu ■ > > 
AUDIT uaUDLTotDHi . . . lopplrliit iDromiiUon to be ludoowlitn slu.'— Tkc Siv<«S'. 

Fifth Edimos. 

ENGINE-ROOM PRACTICE: 

A Handbook for Enelneers and Ofncers in the Boyal Navy 

and Hepcantile Harlne, Includln^r the Hanafrement 

of the Main and Auxiliary Engines on 

Board Ship. 

BY JOHN G. LIVERSmGE, E.N., A.M.I.C.E. 
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Iq Large Crown Svo, Cloth. Fully IllnBtrstBd. 6a. net. 

O I IL. F U E: U: 

ITS SXIPPLT, COMPOSITION, AND APPLICATION. 
By SIDNEY H. NOBTH, 



.: Sources o( Supply— Economic Aspect of liquid Fuel, -Chemlosl 

Compoiition at Fuel Oile— Conditions ol Combustion In Oil Fual Fumaooa.— Early 
Uetliodssnd E<p«iiments.— Undern Burners and Methods.— Oil Fuel for Marine Pur. 
poBfl«.— For Naval Purposes— On Loconiotlvon.- For Metallurgical and other Purposes. 
-'Appendices. -INDRX. 

'' Everyone interested in this imporbsnt question will welcome Mr. North's eTcalient 
teit-book." — NatvTt. 

LONDON: GHARLE8 BRIFFIH & CO., LIMITED, EXETER STREET, STRAND. 
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A UANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetical Text-Book for the Use of Engine Bailders, 

Desl^ers and Dranarhtsmen, Bulwar 

Ei^ineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Section on Amerloan and Continental Engines. 

By ALBERT F. RAVKN8HEAR, B.Sc., 

Ot Hli Ui}e«7'i PBt«nt Omoa. 

Ommhii. — Bluorlw] IntrodncilDa, 1TC9-1M) Jlodeni LoeoinoaTea ; Btmids.— 

■odorn t«oamoUiM; Oomponnd. - Primer* Coniidentlan In LDcomotin DwIgD.— 

n...... — ... .I— -_j .___- Boi»,._pi,ionB, Ptoton B-*- " '— ■- — ' 

odt— Wbeeli mnd AxIm, Ai . 

- " — ""la VilTSB ud V»lTe Q«r DaMlU.— 



nMna vSwfs.— Boiler Moiuitlnn.— TBoden. - Ratlin j Bnkaa.— Lnbrteatlon.— Ooa- 

nnpUaa of Fnel. Ennmtlon uil Enilns hadaDOT,— Aoisrlmi IdcomoUTe*.— Coa- 
tlDanUl LocomotlTSa,<-<fia|nln, Bnnniuf , Jiupectioii, »Dd B«i9i^«^ — Thne AppeodloM. 

"The vork oonrAin ui that ou ■■ luibt Uom ■ book upon inch ■ ■aWeot It 
wUl iLt OUM rukuTHi stumtaD woii npos this navsTUngDU(CT."~ilaUiHt' ifa^iint. 



Now Rbadv. In Large Svo. Fully Illuatrated. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

Bt J. F. GAIHNS. 

COMTEKra. — iDtroductoty.^CompouiidiDg and SiiperheH.t!nE for Looomotives.— A 
ClaaiiflcatlOD of Compoond Syefcemt '^- ' -' — -— ™-. j >. — . . — 



tJie Compouad LooomatiTe. — Two-Cj'inder Non-Automatic SyHleme. — TwtH^Dpder 

■-'■nfttio SmteroB.— Other Twn-Cjllnder Systeme.— Threo-Cjlinder Systoma.— Ifout- 

' Tand«in Syetems.— Four-Cylinder Two-Cnuik SfsteniB (ottieT " - • - 



fW-Oylindar Balanced Systems.— Four-Cylinder Divided and Balanced SyBtemB.— 
Articulated Compound Engluee.— Triple-BipanBlon LocomotiTea.— Compound Kaok 
LocomotlveB.— Oonclnding l£emarki Concerning Compound locomoUTeB. — Tha UBe^of 
Sapecheated Steam lor LacomotlTca.— Index. 

In Large ivo. Handsome Cloth. tFUh Plates and Iliuitrationg. IS». 

UIOKT RAIUinrAYS 

AT HOME AND ABROAD. 



Contend*.— Diaouseion o£ the Term "Light RmlwayB."— English R»ilwayi, 
Ratee, and Farmera. — Light Railways in Belgium, France, Italy, other 
Emnpean Countriee, America and th« Cnloniea, India, Ireland. — Road Tram- 
port ai an alternative, —The Light Railways Act, 1896.— The QneatioD ot 
Gange.— Conatmction and Working.— LocomotiTea and RoDing- Stock. —Light 
Rulwaya in England, Scotland, and 'Wales.- Appendices and Indei. 

■■ Will remain, for some Umo yal a SiiBDAKD Wowt in BTeryihlng tBlndng to Llfht 
RaUirure. " — /in^nttr. 

eonUal^ recommsuded as niDiaraKSABLE lo thou wboBS doty II li to become uqnalntad 
■till one of tbe prime oai'eBattle' of thelmTnuriiiie future "—fljiJiMi/ OMmil qafar 
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VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OF 

EHOIHEERS, DRAUGHTSMEN, AND STUDENTS. 
By CHARLES HURST, Practical Dranghteman. 

Pakt I.— Steam Engine Valvea, I PiBT III.— Air Comprraior VbItcb and 

PiHI II.— 0*» Engine Valves and Ocuriqa. 

Ge«rB. I PiBT IV.— Pump VJvea. 
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ittt on Steam Engin* Design and Constniotlon. B7 Cuaki.b3 

Hdrst, "Author of Valves tmd Valve Gearing." Second Editioh, 
Kevited. In Paper Board*, 8vo., Cloth Back. lUntitrated. Price 
li. 6d. net 

^OMUTS.— I. Slum Pipe*,— U. Valies.— IIL Oyllnden.— IV. Air FamM and Con- 
iB«B.-V. MdUod Work.— VI. Cnmk Slufts and Fedeelala.— VIL Valie Ovr.— VIIL 
brleulon.— IX. MlHKilaoeoniDeUllB— Iedkx. 



Sixth Edition. Folio, ttionely halF-boiuid, us. 

rrRAVERSE XABK^ES: 

Computed to Four P 

Fop the Use Of Surveyors and Engineers. 
By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Govemmenla of New South Wales ano Victoria. 
*,* Puiiisitd wi/A tAi Ceamrrata of Iki Suretyers- Gttttrai W W™ Scmth 
Waits and Victoria. 
"ThoK who have uperience in cuct Sukvev-woik *il] Iws know how Ic 
tnonmnis aniQiinl of labour repreMnled by thij »ali»hle boot The o 
n»ble Uw uier to ■ - ■ ... ,. . 




Strongly Bound in Super Royal 8vo. Cloth Boards. T«. 6d. net. 

BONUS XJLBX^SS: 

For Caleulattng Wa^es on the Bonus or Ppemlum Systems. 

For Engineering, Technical and Allied Trades. 
By henry a. GOLDING, A.M.Inst.M.E., 
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Now Ready. Sbcond } 

n 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OP LUBRICATION 

AND ON TSa 

VATDBE, PROPEBTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

R. MOUNTFORD DEELEY, M.I.Mkch.E., F.G.S., 

Chlflt LocomQllTE Saperintendont, KldLaniL a*Uw«j Oompmj. 

CONTUm L FrIctloD ot Bolldi.— II. LIqnId ITrliitlaD or yiic«l», and Ilutlc 

rrlotlOB.—IIL Bnpsrflcial TeailoD.— IV. The Theocr at LabricUlon.— V. LnbTioulU, 
Uialr BoiiroM, Prepunition, ftnd Prgwrt!™.— VI. Htfiloal Prqportiet and Usthodi of 
bunlnatlon ol LnbrlcuiU.'-VIl. Chamtol FrapertdH mod MeBhodi ol BiimliuUOB 
ol LabrlouiU.— VIIL Tba BntamaClc T«tlDs ot LabricuiU b; Ph^lcsl and Ctaamlol 
Msthodi.— IX. The Moohanlcgl Testlog ot Lnbrlcanta.— X. The Detign and Lnbrtcatloo 
at Baulngi.~XI. The Lnbrtoatlon ot UuhlDerj.— IiII>BX. 

" DeitloM to become t OLiBsio on the nibject."— Jndiulruj and Inn, 
"ConUlni in-uiUeallr ALL THAT IB KROVN on tbe rabfeot. Deeerret the ouatnl 
■ttentlDn ol all En^Deea.-^'^Baaviay OJleial Oaatte. 



FocRTH Edition. Very/itUy lUiatrated, Otolh, i». id. 

STEAM - BOI LERS: 

TEBm DXmOTS, UANAaBUENT, iXTB OONSTBTTOTION, 
By R. D. MUNRO, 

Cki^ Bn^neer of the Sooitigk BoSer 7nturan« and Engine InipwHen Compmnj 
Gbkual Contbnts.— I. Explosions cau»d <i) br OverhealiiiE of Plate>-(i) By 
Detective and Overloaded Safely Va]vcs-<3) By Corroiion, IntemtJ or Exlcnia]— (4) By 
Defective Deagn and Conslniction (Uniupponed Flue Tubes ; Unstrtngthened Manhole! ; 
Defective Scaymg ; Scteiulh of Rltelled Joints: Factot of Safely)— II. Constructidh or 
Vbeticu. BoiLBna; Shells— Ciowo FlatcE and Uptake Tube>— Man-Holu, Mod-Hols, 
and Fire-Holes — Fireboxes — MountinDS — ManaBement^ — ClraninE — Table of Bimdnf 
Freisures of Sleel Bollen— Table of Rivetled Joiuli— SpecilicBi^DB and Drawing;! ot 
Lancaahire BoUcr forWotldiiEPressotH (a) So Ibi-; (^)90olbc. per square inch respcctivcly- 
" A valuable Gompaiiioii for vorkmen and en^eer? engaged about Sleam Bolen, eotht 

to be CBicfuUy studied, and . ' ~" ^ ■• •- w. 

"The bootisvBRV usar 



Br THE s. 

KITCHEN BOILER EXPLOSIONS: Why 

tfaey Occui, uid How to Prevent their Occurrence. A Practiad Rand- 
bodi based on Actual Experiment. With Dinfiraro and Coloured Plate. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND, 
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Jii Crmva &v(t, Cloih. Fully llluslrated. $!. mi. 

EMERY GRINDING MACHINERY, 

A Text-Book of Workshop Practice In General Tool Grlndln(r, and the 

I>aslgn, Construction, and Applloatlon of tha Hachlnas Emplayad. 

Bv R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction. —Tool Grinding,— Emery Wheels,— Mounting Emery Wheels. 
—Emery RLnga and Cylinders. — Conditions to Ensure Effioient Worlting.- 
Leading Types of Machines. -Concave and Convex Grinding. —Cup and Cona 
Machines. — Muliiple Grinding. — "Guest" Universal and Cutler Grinding 
Machine?. — Ward Universal Cutler Grinder. — Press, — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. —Indbx. 

.nachinoy, »ni'lo'^inetl"'ilhcateruipttu.-al."— C*™. Trsi/tjnrwl. 



In Threr Parts. Crown 8vo, Handsome Cloth. Verj' Fully Iltusirated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E.. 

Part l— The Petrol Car. Part IL— The Eleetpical Car. 
Part III.— The Steam Car. 



PART l.-THE PETROL CAR. {SECOND EDITION.) ss. net. 

Contents.— Section I. — The Mechanism of the Petrol Car. — 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Mnhiple Cylinder Engines. — The Petrol. — The Chassis and Driving Gear. 
—Section II.— The Management of the Petrol Car,— The Eugine.— 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear.— General Man^ement.— Glossary. — Index. 

" Should be caiefiilly studied fay those who have anything to do wilh Tai*ais."—AKls- 



Al PREas. In Large 8vo. Handiome Cloth, Veiy Fully Illtutrated. 
A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Compriaing the Deeigning, Conatruction, and Working of Petrol Motora. 
By F. STRICKLA'ND. 



n CBrbnretCors.— 
3g«meni;fi. — i.'iuLcxiei. — TraDuniaaion. — ifuterenuai 1 
— Springs. — Kadltu Kodi. — Brakes. — Whesls. — Fi 
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WOBKS BY 
ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.aE., 

FBrmtrlf Preftatr Bt Elictriud Entfntniiig, TluGlai. andW. afSctt. Ttck.CtlC. 

PBOFESSOB JAMIESOH'S ADVANCED TEZT-BOOKB 

/» Largt CtvwH &iia. Fully lUustrattd. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS, For the Use of Engineers and for Students preparing 
for Eiaminndoni. With Sao pp., oyer 400 lUuBtrationB, 11 Plates, many 
B. of E. , C. and G. , Questions and Answers, and all Inst. C.E. Eiania. 
on Theory of Heat Engines. Fiftebnth Eoitioh, Revised. 10s. 6d. 

" Tli« Bbt Book yet publiahail for the iib« of Sludflnts."— £flflbv«r. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

IndudiHg All the Jnst. C.E. Exams, in (l) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Stiuctiiras ; 
(u)TheoryofMachines; Hydraulics. AlsoB.ofE.; CandG. Questions. 
Vol. I. — Comprising 568 pages, 300 Illustrations, and Questions : 
Part I., The Principle of Woik and its ApplicatioDi ; Fart II.: Friction, 
Lubrication of Bearings, &c : Different Itinds of Gearing and Iheir Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 

VoL II.— Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Ener^, Theory of Structures or Graphic Statics ; 
Sbengtb and Elasticity of Matciialj ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

" W«LI, *Hr LUCIDLY Wit ITTEK. "— 7"** Stlftltttr. 

•,' EacA eftkt aim mbimfi it camflili « ilH(f, md uld ufanUlf. 



PE0FES30B JAHIESOH'S INTEODUCTOBT MANUALS 
Crown 8iw, With lUuslratani and Examinaiion Pafim. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First-Year Students, forming an Introduction to the 
Author's larger Work. Elrvknth Edition, Revised and Enlarged. 3/6. 
" Should be in tbt huaiM of vvmky eapBeaiiig tppTta.dct."~Pr*etlea! Sntiwr. 

MAGNETISM AND ELECTBICITT (Practical Elementary 

Mannaloi). For First- Year Students. With Stud Inat.C.E, and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarge'd. 3/6. 
" A TBOKOUQiiLV TROmroiTHT Tait-book. Pbactical and dcai."— ATcAn. 

APPLIED MECHANICS (Elementary Manual oO. 

For First- Year Students. With B. of E., CandG.; and Stud. Inst. C.E. 
Questions. Seventh Edition, Revised and Greatly EiUaiged. 3/6. 
" 'nw WDric hu vnv nioH qitalitrs, iritidi BWy t» CDiideii»d into Ihs om word 
-■cLBAi."' — ScitiKf and Art. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof Jauieson. Pocket Siie. Leather, 8s. 6d. Eiohtbknth 
Edition. [See p. 48. 

tONDOH: CHARLES QRIFFIK & GOu LIMITED. EXETER STREET, STRAND. 



SNOISEBRISG AND USOHAmCB, 35 

WORKS BY 

W. J. MACgDORN RANKINE, LL.D., F.R.S, 

Lot* VtgluM Pniftimr of Clall Englnairing In U« Unlmrtltt of Slataam. 



W. J. MIL LAB, C.E., 

(mtatv ta thi Inttltutt of £nel»t»r> ami ShIpMUart In StatUuid. 



A MANUAL OF APPLIED MECHANICS : 

Oompriaing ths PrincipleB of StatiM wid Cinematiofi, and Theory of 
StrndtaTO), MeohuuHm, and MEUshinei. With Nnmerons Diagruni. 
Crown 8to, aloth. Sbvbntbbkth Bmtioh. 12«. 6d. 



A MANUAL OF CIVIL ENGINEERING: 

ComprUng EoginMring Surrey*, Earthwork, Fonndationa^ MMonry, Car- 
pt&try, Matal Work, Roada, Bailways, Caunb, lUvan, Wsterwork*, 
Harbonn, fto. With Nnmerona Tables and Dlnitratiom. Crown Sro. 
olotb. Twxktv-Sboohd Bditioh. 16*. 



A MANUAL OF MACHINERY AND MILLWORK : 

Oompnaing the Oeometry, Motjona, Work, Strength, Conitmotion, and 
Objects of Macbinea, ka. Uluitrated with nearly 300 Woodonts, 
Oiowu Sro, oloth. Sbtbnth GDinon 12i. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS : 

Wltii a Section on Oas, Oil, and Ais Enoimbs, by Bbtut Dohkin, 
M.Iii*iC.B. With Folding Plates and Mnmsrons Dlnatratioiu. 
Crown Svo, oloth. Sixtbihth Edition. 12i. 6d. 

lONDON: CHABLE8 QRIFFIN A CO., LIMITED, EXETER STREET. 8TRAIID 
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36 GHARLBS GRIFFIN * GO'S PUBLWATIOt/S. 

Pior. RANKIKl'a WOKKS— (Cg»/i>nwd ). 

USEFUL BULES AND TABLES: 

For Archlteote, Baildera, Eagineeri, FoaDdera, Meohudoa, ShipbnildsiB, 
Snrraf on, fto. With Afpbndix for the lue of Eiaoikiouj Bhbikiuui. 
By Profeuor Jauibson, F.K.S.B. Sevbiith Edition, IOs. Sd. 



A MECHANICAL TEXT-BOOK : 

A Fraotioal uid Simple Introdaotion to the Stady of Meohuiioi. Bj 
Profenor Rabkink knd E. F. Bambbs, C.B. With NamerooB Ulna- 
Crown 8vo, uloth. FiiTH Edition. 9i. 



M atrUi at Matya 



n-BooE" wu iMrwd 6f Prol 



MISCELLANEOUS SCIENTIFIC PAPEBS. 

Royal Svo. Cloth, 3l8. 6d, 

Part J. Pnpen relating to Temperature, Blaatioity, and Eipuialm of 
TapoDTV, Liquid*, wid Solids. Part II. Paper* on Energy and its Ttant- 
lormationi. Fart III. Papers on Wave-Forma, Propnlaion of VeaaelB, fto. 

With Memoir by Profesaor Tait, M.A. Edited by W. J, Millab, O.B, 
With fine Portrait on Steel, Plates, and Diagrami. 

"Nomon ADdnringHcDurulofPrDfeflior RunkiDa could be davwd than th« pabfiH^ 
Am of thew papfin bi cm accesuble Ibnn. . . . Tlw CoUoction ii Duat valaabl* a» 
wxDUDt of tha uBm of his dinnvsia, and ths bsaut^ aud camplotaiait «f bb iuiiiItbi. 



Bv W. VINCENT SHELTON (Foreman to 

the Imperial Ottoman Gim Factories, Constantiiiople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineer* and 
Artixang. With Copious Tables and Valuable Recipes for Practical Uie. 
lUnstiated. S*e»tid EdiHm. Crown Svo. Cloth, 7/6. 

(LONDON : CHARLES QRIFFIN A CO.. LIMITED. EXETER STREET. STRANft 



tiremMBBiNO and xmobasiob. 

IN, Thartugkty Revised and Enlarged. With 
W-uiaermts JUustnUitms. Handsome CUlh. gfi 

HYDRAULIC POWER 

HYDRAULIC MACHINERY. 

HENRY ROBINSON, M. Inst, C,E„ F,G.S., 



C M T — Ta — Dlscbarn tbroueh Oritice*, — Flow of Water through Kpo. — Ac[:iunulaton. 

— Pmtei ud Lifts,— Houu.—Rimi.—Hvdraulic EngiiiEi.— Pumping Engioes.— Capsuni. 

n- — Jjclis. — Wtighing Micfiinet — Kiveten and Shop Toolj, — Punctung. 



Sfe^inv, Bad Flangine MachmcB. — Cranu. — CaoL T>uchAremjE HflchincL— Drillfl and 
Cuuan.— Pile Dri.irs, Eicavalan, &c— Hydraulic Michiuur upLied lo BHdcei, Dock 
Guh, WkceJs and Tuibinu.— Shieldi. — Vuwus Syitemi and Power luuJlalioDi — 
Mim,A<^-lHDEC. 
"'AinuidArd wotk on the applicalion oCwalei pOYicr."—CaJsirr's MafOMIH, 



THE PIinCIPLES UD COISTRUCHOI OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

WHk Pnotiokl lUnatmtiiMia of Eiiams *nd Punps ftpplkd to Misixs, 

3awK Watbb Sopplt, D&uhaoi of I^ndfl, &a., aiao Eooaon>7 

•ad Effideuof Triala of Fnmping Moofainwy. 

tT HENKT T>A 

lUnUDn ot CiTll Knglneen, I 
Heohuilnl Englawra, F.ft. 
..._, lUtO! 

^ and Ftunp VsItbl 

BacttiM — The Comuh Engine, Simple i , -,ir~ — w> 

Ibgiaw— Pit Work— Shaft Sinld^— Hydnulio Tnumnission of Powm in 
Minii — Electric Truumiidon of Power — Valve Oean of Poinping Engine* 
— V/tin Frekmre Pnmping Ensinei — Water Worki Eo^ei — Pumping 
Engine Economy and Tnals ol Ftunping Uacliinery— Oentnfngal and other 

I«nr-Uft Pnmpa— Hydranlio Sanu. Pmniri — »»--— ■-- t 

"By Ilia "onB BngUah SnglBMr who 



UWDON: CHARLES GRIFFIH ft CO.. LIMITED, EXETER STREET. STRAHD 
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tS xlEABLaa aSIFFIN S 00.'8 PUBLIOATIOSa. 

»atal Spg, NbiAmm CM*. WWi mMWRHw llliatratlimi iai4 TalUM. 28t. 

THE STABILITY OP SHIPS. 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

iMia>T or THm nmiiiAL auns or it. vtakiladi or mnuu; rahch jowtm ot 
Autnu ! mDjinii of tuuut; ahd uiina nin or jArAM: no- 

■o hit hand, A Dun of ialorniUioa which ha would gthoi^ 
H vnriety of publicjttuHU, ubd fome of whldk ha wooM 



THB SESION AND OONSTBTTOTZON OF SHIPS. B; John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architectare m the 
Univeisitp of Glasgow. [/x Preparation, 



STEEL SHIPSs 

THEIB OOirSTBUOTION AHD UAHTTEHTAKCB. 

4 Manual for Shlpbulldert, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

COHTENTB.— I. MBHofactnre of Cast Iran, Wroaght Iron, knd Steel.— Oom- 
position of Iron aod Steel, qnality. Strength, Tests, ftc II. CUssifloation ol 
ateel Ships, til. OonaiderBtionB in mulring choice of IMre of VeaKl. — Framine 
of Ships. IV. Strains experienced by »iii>a. — Methods of Computinf and 
Coropariiig Strengths of Ships. V. Oonstruotion of Ships. ^Alternative Uodes 
of Oonstruotion,— Types m Vessels. ^Turret, Self Trimioing, and Trunk 
SteameiH, fto.— Rivets and Rivettiog, Workmanaliip. Vt Pomping Arrange- 
ments. VII, Uamtenance. — Freventdoit of DetetioiatioD in Uie Hulls of 
Ships. — Cement, Paint, fto.— Indbi. 

'■SolhoroniED i.cd wall wrltlen Ig eiecj eh4pter In Ibe baokltastitiidtnaalttoialael 
anTotlbein u bslng wonbj or eioaptloniil praiis. AltOEettaer, Iha work Is aiBaLlant. mid 
will prove ol Bteat vslne »o thoae for whom it ia inianded?— TV BmrtiMw. 



At PBBaa. In Handsome CJoth. Very fully Illnatrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 

Bv THOS. WALTON, 

Anthor of "Know Tour Own Ship." 

OBHaaiLCoHTKNT'a.—CUBsification.— Materials used in Shipbuilding. — 

Alternative Modes of Construction. — Details of Uonstmctioo. — Framing, 

Plating, Riretting, Stem Frames, Twin-Screw Arrangements, Water 

B>Ua«t Arrangementa, Loading and Discharging Gear, &c— l^pes of 

Vessels, inoladug Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 

Turret and other .^elf Trimming Steamers, &c.— Indbx. 

lONDOH: GHARLE8 fiRIFFIK « CO., LIMITED, EXETER STREET. STRAHD. 

i.,,i,, .,■ ,Cooi^[c 



NAUTICAL WORKS, 39 

GRIFFIN'S NAUTICAL SERIES. 

Bditbb bt BDW. BLACKMORB, 

Ifutar Mmrlnsr, Vint OIui Trinity Room OMtUMte, imoe. lut tt.k. ; 
An> Wanna, iuiki.t, b; Buloh toe Sumbs. 

tar^Fairpla^. "A vsai DBsnTL SIMIB."— ffotton, 
Ira tba whole Befusi u a REraKEKoa Librakt. Hun- 

V.TWD Ud lLLDBTBAnU)."~£{(l«riKKlI Jow 



'fllopmen' 

tnBlaaki] . . , — ^-, ,, 

to tlw Uwatunt Marina. The ia ptgei ol thla book an the moot Vli.n< 



itanr Seamanship. By D. Wilbon-Barkik, Maitsr Marinet, 
8.B.. F.B.a.B. with nnmsroiu Flit«i, two iB Colonn. and ftontlntam, 
sm Xdrioh, Thoroughly EeTUed, With ■ttdltlonal Illuatntloni. Si. 
11 ISKIKULI MAJIDil, by CiPI. WIWOB BABUB, Of 



"^'^SS'"* '• Theoretical and PracUeal. By D. Wiuow-Babkmi 

and WnLiAM AiLwaBiJi. aaooHD awTtOH, Kevtoad. U. 6d. 

■CandliUtei will dnd It nryiLCABLa. "— i>u«dM JdwrMim-. 

■aline Mete0P0l0Er7 : For officers of the Merchant Navy. By 
SiS"^- V^""*"'/'?' *''"' Honour., NavlgBtloii, Soisau and Art Dspartmant 
y^ri^S^ ^iSS^.""* ""l*' "l /'«»*™a« raproduotlon ot log pag.. U Bd. 
Quite the best puhliuatioh on thl. labivA.-— Shipping StiatU. 



LaUttiile and Longitude : How to And them. By w. J. MmiAB, 

" Cannot bat prore an aego mtkai to thoae .tadjtn g Navigation. "-JTorim AyinMr. 
Praetieal Heehanles: Applied to the reqnireioeuta of the Sailor. 
^«^»^^?"^ ""■" ""^"^ *"-"-^^ Six>KDEwno«,Sevl»d. Si.«d. 
Wiu, WOEIB the money . . ■ axQEEMBBLY ai LPFin^ ■■-Sk^ping Werli. 

Trln>nometFy : For the Young SftUor, Aa By RiCB. C. BiPOK, of the 

^"a. m""'*' ^'™'°'°* CoUbbb, B.H.H. '■ Woroaeter." THfflD EWHOH, JlavtMd. 
ellabla volume."— ScAtwimotMr. 



Ppactioal AlMbra. By Rich. G. Buok. Companion Volume to the 

aboya, for SaOor. and other.. SloOHDElimoB, Reylied. MoeS».8d. 
It u JnsT THE BOOK lor the yoiing.aUormtniltulo l progien."— ^airfimi Jfivarin*. 

The Legal Duties of Shipmasters. By Bbsediot Wk. QrasBnao, 

K^ta^^' °' "';,''^'5.^T'''*, ^ Noribera 6licult : Ba^rime^at-Law. Sbooed 

Kditioh, Thoronghlj BeTlsed and KnlarBed. Prloe 4t. M 

■ I«TALDABLBtom..i™ , . . We can Mly reoommendlt."-aWppino OowWe. 



Ho.pl6al, Oreenwioh. TniEn Kbinoji, ThoroqihlT Keri 

"BOITBD, JODKnOUB, SEALLV HElPrOL."— T*« ZoMSt. 



LONDOH: CHABLE3 GRIFFIH « CO., LIMITED, EXETER STREET, 8TRAHD, 
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40 OHASLM QBIFFIN * OO.'S PUBLIC ATIOHS. 

GRIgglN'S NAUTICAL SERIES . 

Introductory/ Volume. Price Ss. 6d. 

British Mercantile Marine. 

Bt EDWARD BLACKMORE, 



Givntu. CoHTnm.— HiBTOBioAL : Fnnn Euly TiiD« to 1486— FivKTen 
luulei Homy TTIT.— To Death of Mary— Dmiii« Eliz&beUi'B Rflign— iTp to 
tlM Keign of Williun III.— Tlie 18tb uid 19th CentntiM— Iiutitiitiou ol 
BMwninatiMM — Bus and Progresi of Steam FropuMon ~ DcTelopment cf 
Fn« Tnde-&hi[^iig Leguktioii, 1862 to 1876— ^' Lockdey H>U^ Cu*- 
Shipmarten' Socnefiw— Loading of Ships— Shipraiig LegigtatioD, 1S84 to 18H— 
StaiJBtiia of ShipiHiiK Thi F iBflomrEL : Bbipowiwni— Offlc«a— Marinn*— 
DntieB and FraMtit PontioD. Eduution : A B«uiiaa'e Ednoation: what tt 
■bonld b« — pTMent Hetuu of Bdncatioii— Hinta. DisoiPLDn aus Dunr— 
FottMT^it— l^a Serioiu Decrean in th« Ntunber d BriUih Seamen, a Matter 
demvidiiig the Attention of the Natiaii. 

d ImmuonTB . , . may be read itith rmom aiiil nrjom^."- 



'Btut miata of tba labjsn la dealt with In a war whtoh ihom Uiat tti 
lowi the rop«e' ramllUrlT."— ftolmtan. 
"Tbl( ADHUAiLa l»i>k . . . t»m irllh luefiil iDFormatlon— Shoill b 



FoVHTH Edition, Thoroughly Revised. With Additional 
■ llhistraUont. Price 6s. 

ELEMENTARY SEAMANSHIP, 

D, WILSON.BARKER, Mastsb Mariner ; F.R.S.E., F.R.0.8.,&<i.,ft<i. 

With Froutiapiece, Nnmeroua Platen (Two in Colours), and Illiutratiotw 

in the Teit. 

QkmbbaL Contbnts.— The BmUing of a 3hip( Porta of Hull. Marta, 

fto.— I!«peB, Knot^ Splicing, ftc. — Gear, Lead and Log, 4c. — EiggiDg, 

Anefaora — Saihnakmg — The Saile, &c. — Handling of BoiatB nndei Sail — 

Siniala and Signaling — Rule of the Road- Keeping and Kelieviiig Watch — 

Fomta of Etjqnetta — GioHaary of Sea Temu and Fbrasea— Index. 

-.* The Tolume oontaiDS tHe ii» bulbi or Tm sota 

Wilsoh-Bj 



LL. by Din. WiuoH-Buuai of (he ' Wansetter,' Hema i 
i who are ""^ome ^oen c^ t^'uerebaaf'HaTT j!t wl 



Altliansb intended for 

found luefDl by iu.nt...,..». — ji.,»».n.. 

'.* For somplBIe Ual of Quraiti'B Njumou Biaua, as* p. U. 

LONDON : CHARLES GRIFFIN i GO., LIMITED. EXETER STREET, STRAND. 



NAOTWAL WORKS. 41 

GRIFFIN'S NAUTICAL 8EBIES. 

Sbcokd Edition, Mevised and lUuglrated. Price Sa. €d. 

NAVIGATION: 

Bt DAVID WILSON-BARKER, RN.R.. F.R.S.E., io., Ao., 

WILLIAM ALLINOHAM, 

Vnitb numecons Sllusttatfons an^ £iamtnation Quefltions. 

OmKAii Contents. — Definitions — LaUtnda and Longitude — InstramBnti 
at N«Tif[»tion— OolTBotioQ of Coaraea— Plane S»iliiw— Travarea SiminK—DaT** 
Work — Parallel SuUng — Middle Latitnde Seiliiig — Meroktor^ Chart— 
HeroatoT Sailing — Current Suline — Position brBearinn — Qreat Circle Sailing 
— The Tidea — QaeationB — Appendii : Compaw Brror— KumerouB Usefnl Hints. 




Handsome Cloth. FnUy UlvMrated. Frio. 7s. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MEBOBANT NATY. 
By WILLIAM ALLINGHAM, 

Jcdsc Author of "NariKsUon, Theontiol aud PntUcal." 



UnonnoiosT.— Imtnunents tTied at Sea tor Meteorologlcsl Forpoits.— UaleoHi- 

fleal I«-Booka.— AlmoipIierlD Preisore.— Air Temperslimn.— Sea lemparatnrti.— 

rbda— mndRooa Bcalea.— mabxj of (lie Law of BtonuB.— Honlcanu, Sauinu, and 

Mam Iiaok*.— SoIqUod oI tba Crolooe FioblBDi,— Ocean Curreats,— iDeban.— Bn- 

Doos Oharto.— Dew, Hliti, fon and Hace.— Clonda.— SaLn. Bnaw, aud Hall.— 

^, Sainbow*,(X>ionai,^Mt, and Ueteon.— Lightning, CarposaoU, and AniiHas.— 



"Qqtte the suit pnblleation. urn mtilnlj thn host InnauTiire, on thli laUMt » 
*r»«ii«l la Kanllo*] aear-akipptnii Oamttu. 

*.* For Complete List of Gkifum's Nadtioai, Sbbiis, aee p. 39, 
lONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, 8TRAKD. 
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«* oBAKLm smrriir * oo.'m puaucATion. 
gEimyS NAUTICAL SERIES. 

Sboord Bditioh, RinsBD. With Namerons IlliutratioDi. Price S*. Od. 

Practical Mechanics: 

Applied to the Beguirements of the Sailor, 
Bt THOS. MACKENZIE, 

MiUr Mariitr.-P.S^J. 
Gnnux CotmHm. — Betolation and CompoBitdon of Forcea — Work done 
by MMhinM and Living Agents — The Mechanical Foweni : The Lever ; 
Knricki ai Bent Levers— The Wheel and Axle : Windlaa ; Ship'i Oaprtan ;. 
Grab Winch— Tacklfls : the "Old Man"— The Inolined Flane; the Strew— 
nie Centre of Qravity of ■ Ship and Cargo — Relatin> StMugth of Bope : 
Steal mr^ Manilla, Hemp, Coii^Denic^ and Shean- CalmUUim cl Ui« 
OowlmakinK Strain of Fii Spar— Csntre of Effort of Saila— Hrdnrtatda: 
tlie Diving-bell ; Stability of Floating Bodies ; the Ship's Fnmp, &a 

—NmtHTt. 

■ Wka woBTH the money . . , wiB be found UOBCDtifOLr HBLnVL."* 



BJiip^itg World. ^ 



No Sbips' OmoiBs' booxoabs will hsnoeforth be oomnlete withont 
OAiruiT MAOKUim'B ' Fbaotioal Meohakioh.' Notwithstanding mj nuny 
ITMn* «ip«ienoe kt «ea, it has told me hom mucA more there u to ac^uirt."— 
(Letter to the Pnblishen from a Master Mariner). 

" I most aiprea my thanks to yoa for the labour and oaie yon have talceo 
In 'Praottcal Mbohahios.' . . . It la a uri's bxpbbuiiok . . . 

What BO amoant we frequently see wasted by rigging pnrahases withont reason 
and accidenta to spars, *c., *o, ! ' Practical Mbckabiob ' woiiiJ> bati all 
THUL" — (Letter to the Anthor from another Master Mariner). 



A Manual of Trigonometry: 

With Diagrama, Examples, and Exercises. Price 3s. Od. 



*.* Mr. Bnok ■ Text-Book has been speoiallt fbbfarbd with a vtaw 
to tUB New Examinations of the Board of Trade, in which Trigonometry 
is HI obligatory mbject. 



A Manual of Algebra. 

Designed *0 meet the Hequirements of Sailori and otiert. 
iJEcoNi) Edition, Revised. Frioe 3h. 6d. 
*,* ThBS» atemenlary norfes on iLaiBKt and TBiaoHOHnsT us wrltum apedallj top 
Itassa who will bsTs Kttte opponsnit; of aoDsaliiDt: ■ Teuber. They ua books tor "sm j- 

tte Kisreissa ua Elven. An; pemon msy rudllV. bj otrefDl itodi. beooma msstar ol their 
sonlents, end Ihoa Isy tlie fouDdstlsn for ttunhsr msUuinstlul soBras, U deatced. It la 
ksiied tbat to iha joiuiger Offlaan ot our Harcantlls Ksilne lti« will be toimd dsoldsdlr 
B^lasaUe. The BismplaB ud EisroiBSa trs lafeaDfroin Iha ^unlnatioa Papsn let lor 
the OsdsIB ot Iha " Worceiler.' 

'>0)su^ ■rransHl. snd wall got op. ... A BrM-rMe Elemeatary Al(«bnb — 
itaaueal Mafftift. 
'.'For flomplwe Llit o( Qspmr'j WJOTIO*!, BsMB. see o. »». 

lOKDOK: CHARLES SRIFFIN t CO., UHITED, EXETEA STREET, STRAND. 



NAOTIOAL WORKS. 43 

GBIFriW'8 NAUTICAL SEHIES. 

Sbcohd Edition, Tboronghly Revised and Bitended. In Crown Sto, 
H&ndMime Cloth. Price 4e. Od. 

THE LEGAL DOTES OF SHIPMASTERS. 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantah.), 

Of tba Inner Temple iDd Hortbani Ciionlt ; Bainliter-Kt-Liw. 
Qaneral Contents,— Tba IJnalUcitloo tea tliB Fd^Uod ot SUpmaitsi^-Tlis Ooo- 
tmet witli Uw aiklpoinier— The UMtar'i Daty In napeut of the Crew : HngHnment 
ABwentloea: DUdpIlD*; Praililon*, AaoomniodatloD, end UedloKl OomfOTta ; PariBeBt 
crWuai Mid IHRbaTBfr— Tha Haater'i Dn^ tn napaoi of the Puwusen— Hie Htder^ 
niiMimil BeaponilbUltlea— Tba Haater'i Oatj In raveot of tba Cano— Hm lUaterk 
Dots In Oaae of Cunal^^Tha Uirter'a Diitr to OMtaln Pnblte Aotbcdtlae— Hm 
Kanei'i Dnt? In reUtloo to PUola, aignali, FUn, and Uaht Dua—Tba UaileT'* Dafer 
mem Antral at tlie Fort of Dlaofaiiite— AmienmoM reUtm to certain Lual lUtea : 
bard <d Trade C«ctlA«t«, Dletarr acalsa, atowase of Clratn Cargciaa, Load Una Baftfa- 
tUai, TltB aiThn Appllaneea, Caiilase of Oattte at Baa, Ae., Ao.— Copkraa Index. 

"No taitaUlcaiit Uuto- dionld lUI to add tbla to hli till of neeeiajy baoka. AtowHnii 
alit nay ai ra j mnn-a laa, aiaiiiaa aapLna woaar.'— /' "~ 

mon azmoi brttas Shlpmialer."— A^iA Tradt Kttieii. 



Second Edition, Reviaed. With Diagram*. Price 2s. 

Latitude and Longitude: 

Elo-nr to Find tbeiM.. 

Bt W. J. MILLAR. C.E., 

LtU AwMiarf (a lAi /Ml. 0/ SmsiMtri <md SUtpbMAn im acaOm*. 
" ConouiLT and olbaut wxituh . . . cannot bat prore ui aoqniidtioD 

" •—'—-- " — '—'= — "—Xarittt Stiffineer. 

it HANct and USKFDL, soTFLa and oliab."— n« 



FIRST AID AT SEA. 

Thibd Edition, Beviaed. With Coloured Plate* and NameroD* Ulnatra- 

tko*, and oompriaing the lateat Regolatioiu Beapecting the Carriag* 

of Medical Storea on Board Bhip. FHae 6*. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

WM. JOHNSON SMITH, F.RO.S., 

- «'■ Hoipltal, On " 

ant Navy la reqai 
■3 Itaal It li the • 

*,* For Complete LUt of Oairrts'a Kadtioai. Saiun, (m p. 39. 
lOHDOM: CHARLES QRIFFIN A CO., LIMITED. EXETER STREET, STRAW, 
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44 OHARLSB GRIFFIN <(> 00.' 8 PUBLIOATIONS. 

GRirriWS yATTTICAL SERIES. 

Ninth Edition. lUvttrated, HamUomt Cloth, CrowiSvo. PriMTi.M. 

Tha Chaptars on Tonnase and Freeboard have been brought thercafUy 
up to date, and embody the latest (1908) Board of T>>ade BeKUlatlMM en 
tfieie iutileots. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Aechitbot. 
Speeially arranged to suit the requiremenU of Shipa' Offioera, Shipowmtra, 
Suoerintendenta, Draughtamen, Engineera, and Othara, 
COnTBRTB, — DliplaconiBnt «nd Deadwalght. — McaaenU- — Buoyincr. — HnM. — 
Stnictiire.—BtabllllT. — Bo1[log. — B.llutliig. — Loading.— Shitting CirgoH.— laNl at 
AdmliiloD oT WBter Into Ship.— Trim Tonniwe.— Freeboard (Lond-irne).— CiliiaWiaH.— 
Set of CaloolaUoiu troDX Actual I>n»lugi.— Imdix. 



BY THB 8AMB AUTHOR. 



Steel SUps: Their GonstiactioD and Haiitenaiice. 



FiFTMNTH Edition, TluarouglUy Fetrixcd, Grtaiiy Jinlari/ed, und Jtat^ 
Throughout. Large Svo, Cloth, pp. i-xxiv + T03. WUh 2S0, IllMttrtt- 
tioni, reduced /rom Working Dravringe, and S Plaits. 21s. ntt. 

A MAN UAL OF 

MARINE ENGINEERING: 

COMFElSmO THE DESIONINO, CONSTRUCTION, AND 
WORKING OF UAEINE MACHINERY. 

By A.B. SEATON, M.I.C.B., H.I.Heeh.B.. BI.I.M.A. 

Ubkibal Contents. — Pabt I, — Principles of Marine Prvp'aUion. 
Pa&t II. — PriDciples of Steun }<:n^eermg. Part III.— Detailt of 
Marine Enginaa ; Design and CalculatioDs for Cylinders, Piatoni, Valros, 
EzpansioQ Valvea, &o. Part IV.— Propellers, Past V. — Beilen. 
Fabt VI. — MiscelUneoua. 

"TIm Stadant, DiaoghlBiun, ud Koguieer will Bud thli work tha moot tai.ijim.i 
HlnnnOOK ol Raferenoe on the Marine Ennin* now in ejdileiiae."~if oriiH ffiv<iH*r. 



MARINE EN6IN££|ffl^ JULES AND TABLES, 

s. Naval Arehlteets, De 
SupBrtntendents and ( 
6t A. R SEATON, M.I.O.E., M.I.Mech.K, M.I.N.A., 

H. M. ROTJNTHWAITE, M.LMeoh.E., M.LN.A 

" The beat book of It* kind, and the Infonnatian Is both up-to-date and nliaMe.>'-~ 
gmgiater. ^ 

IMDOH: CHARLES QRimN « CO., UMITED, EXETER STREET, STRAIUl 



BNQINEHSBINO AND MEOHANIOS. 4S 

VORKS BT PROF. ROBERT H. SMITH. Assoe.H.I.C.E.. 

KLUB., ItlELS., KLUn-B., WhIL Seh., lLOnl.lM|l- 

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Teehnleal Problems. 



OliABBIFlED BEFEBENCB LIST OF IITTSaiLALS, 
By PEOF. ROBERT H. SMITH. 



E. r. MUIEHEAD, M.A., B.S0., 

Fannerlf OUirk Fellow of Qtugo* UclTenltT, and LeaOinr on MMtiwnmoi U 




MEASUREMENT CONVERSIONS 

(Engliali and Frenoli) : 
43 GIUPHIC TABLES OR DIAGBAUS, ON 28 PLATES. 
Showing B 

Of IiengthB, Areu, Volumas, Walghti, StreBsea, Deniltlai, QnuitiUeB 
of Woik, Hone Fowera, Temperature!, fto. 

Far tkt BM of EneliiHr; Sunnfon, Anhltieta, nntf CentraBtort, 

In 4to, Boards. 7a. 6d. 

\* Prof. Shitb'b CoTTVatunoN- Tables form the most imique &ud oom- 

prabenilTe oolleotlon ever plooed before the profeiuiion. By their lUe mnoh 

Ume and labour will be saved, uid the oluuiceK of error in oalonlation 

dimlnlihed. It la believed that henceforth do Engineer's Office will be 

mplete witboat them. 



Feeket Slu, Lsithsr Limp, with Ollt Bdgn ujil Eounded Comen, printed on Bpadal 
Thin iBper, with lUmttaUoni, pp. i-ill + BSt. PtIcb ISi. net. 

(THE NEW " NYSTROM ") 
THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of TabUs, Formulie and Mtthoda for Engineert, 

Stwhnts and I>ratightameri. 
By henry HARRISON SUPLEE, B.Sc, M.E. 

" We fed lore H will be of groat lerrlce to mechanical englneen."— Jf?ijrtn«r(n(. 

LONDON: CHARLES SRIFFiN * CO., UMITEB, EXETER STREET. STfiANIk 

r,,j,i,r^,-i-.,C00^^lc 



46 CHARLES GSIFFIS * OO.'B PUBLICATIOSB. 

Skoond Edition. Id Large 8to. Hondaome Cloth. 16s. 

CHEMISTRY FOR ENGINEERS. 

BERTEAM BLOUNT, amd A. G. BLOXAM, 

B.La, F.O.B., A.LO.E. F.ia, ».0.B. 

(IBllBBAI GONTBHTB.— IntToddoUon— Otumlitry of Ih* Oblef Ibterlali 
of Oonatraetlos— Sonnwi of BnKvr— OUaminrr of Btaun-rAliliiK— OlLMnlB- 
br of Ln1iTla»tlon uid LabrlevitB— HotftUniiloal Ptoowrm luod In tlw 
Wlnnlag uid HumfootiiTO of Matals. 

"Tlw wOion tun idooiidu) iMyond all eipseMtlon, and hiTS pndaBd ■ woA whMi 
tfiDoU itln Fuaa mmn to tlin Baetnnr ud XuDfUMR>."-^%t l%Mi. 



THE ELEMENTS OF CHEHICAL ENGINEERING. Bf 

J. Obowhann, M.A., Ph.D., F.I.C. With a Preface by Sir 
William Rausat, K.C.B., F.B.S. In Haudtome Cloth. With 
nearly CiO Uluitratioiu. 3b. 6d. net [See page 70 GerumU Caialogut. 



PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 
Bt Libut.-Col. THOMAS ENGLISH, Late Royal Bnginetra. 



WORKS BY WALTER R. BROWNE , M.A., M.lNST.CE. 

THE STUDENT'S MECHANICS: 

An IntFodueUon to the Study of Force and Motion. 
With Diagnuna Crown 8to, Cloth, 4s. 6d. 
"Oau iiiHybud iKaoical in lutbikl, 'Tm Stddikt'* U.chahici' ii cocdiillT to b> 
'td from all poiati of m— " ' " 



FOUNDATIONS OF MECHANICS. 

Papen lepnnled trom the Enxinttr. In Crown Svo, It. 
DemT Svo, with Numerom Illustistions, 9s. 

FUEL AND WATER: 

A Manual for TTsers of Steam and Water. 

By Prop. FRANZ SCHWACKHOFER oy "Vibnsa, and 

WALTER R. BROWNE, M.A., CE. 

Obhbkal CoimHTS^ — Hut uul Combuitioii— Fusl, VuiEtic* of— Firing AmnlsiMati: 

Funuc, FliHi, dumiHT — Tba Boiler, Cboics g(— Vuitiia— F««d-wU« UMim 

Stan Pip«— Water; CompoiHion.Piu^ficuioii—PmeotioD of Scale, ftc, &c 

"Tho Seetiopon Hot ij nnc of the be«l tad mow luod btbt written.'— Jfamr. 

UUOOII: CHMLE8 KIFFIN i CO., LKITED, EXETER STREET, STRAWk 



CHBMiaTRY AND TECHNOLOOT. \r 

Second Edition, Revisbd and Ehlakokd. 

With Tkbka, lUmtration* in the Text, and yj lithocraphie Phlei. Median 

8to. Hmdiome Ooih. 301. 

SEWAGE DISPOSAL WORKS: 

A finide to tbe Coiutraetion of Works for tbe Preveiitlon of the 

PoUatlon by Sewage of RlTera and Estuarlei. 

By W. SANTO CRIMP, M.Inst.C.K, F.G.S., 

Tdte Auuauit-Eii(iiKC]r, Londaa Caastf CatudL 
" FnlKbl)' >ha HoaT cohplitb um hbt tuatibb on Ik* inbjeo which hu ipfwiind 
ia oui Uapai^.'—BiUniiirfi Midleai/Mimai. 



TRADES' WASTE; 

ITS TBEATMSITF AITD TTTHiIBATIOIT. 

A Handbook tov Borough BnEin«eri> Survsyara, ArchltMts, and Analyati. 

By W. NAYLOR, F.O.S., A.M.lNaT.C.E., 

Oblef iBiDKtor of BInn, HlbUe Joint CoiiunitUe. 
ConniTS.— I. iDtradustlon,— II. Ctacmio^ Englnaerinc.— III.— Wool I>«-gnuliiB 
aBdOnauSMOTUj.— IT. laitlle Isdnitiiei ; CallcoBleioGliigiindDTBlng.—T. Drains 
aad Cilieo-Pilntlng.— VI. Tumlng and reUmoager/.—VU. Breweir and Dlittllir)' 



u Sm»tuj.— IT. laitUe Isdnitiiei ; Calico BleuGliig and Drslng.— 

»-Pi!nting.— VI. Tanning and fellmoogery.— VII. Breweir and 

Vaata—THL PawMIll EbIoib.— IX. Qsneral Trade.' Tut«.—lHMX. 

**Th«re I* praMllJ no psnon In Bngliind lo-daj' bniler Blied to deal ladDnallT w 
neh a mihjflci,'— flnHift SmUartan. 

In HandBome Qoth. With 69 Illmtratioaa. 6«. net. 

A Manual for the Use of Manufacturer, fnepectors, Medlcaf Offioers of 

Health, Engineers, and Othsrs. 

By WILLIAM NICHOLaON, 

Chl«l Smoke Itupector to the BheOeld Corpoiatlali. 

COBinns — iDtTodnMbMi. — Geneisl Lavlalatloii agaloit tbe Smoke Kuiiaocc. — 

Loeal LegUlatloa.-'Forelgii Lawa.— Smoke Abatement.— amoke from Bollen, VnTnacea. 

and KUni.-'TilTata DwelUiK-HoiiBe amoke.— Chlmaeji and their Couitmction. ^ 

anraka Kwsnten and Vnel SaTsn.- Wute Oawt trom Metallurgical Piimacea. ^ 

SmnmaiT and Conelmioni ISDix. 

"V» valcome nioh au adeqiiatfi ■tatemeat on an Important ■abject,"— firiliiA 
lltMat Jmimal. 



Second Edition. In Medium ilvo. Thoroughly Revised and RC'Wiitten. 

calcareous" CEMENTS: 

THEm NATURE, PREPARATION. AND USES. 

^nrUh Bonae Xtenaaavlia upoxa Cenaen* Vaaittiatf. 

By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Aujicaat Seactarr for Technology, Board of Education, South Keiuiogtaa, 

And CHARLES SPACKMAN, F.C.S. 

"We can Ihotoughly recomnicnd it asafirsl-claia inveslmeot."— /*n«(K»/£i«HIMr. 

UMDOH: CHARLES GRIFFIN t en.. UtllTED, EXETER STREET, STRAND. 
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4S 0BARLB8 QBIFFIN ^ OO.'S PUBLIOATIONS. 

ELECTRICAL ENGINEERING. 

Sbcomd Edition, Revised. In Large irve. Handsome Cloth. Prafimlj) 
lUttttrattd toUh PUUtt, Diagrams, and Figurts. 241. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Deslgrn, Oi^ranlsatlon, and Manasrement. 

By CHAS. H. WORDINGHAM, A.K.C.. M.lNST.C.E., M.Inst.Mecm^., 

iMa Msmb. orCeundl IulE.E., and Electrical Engineer to [he C^cy of MiDcheetii : 

Electric^ Ecginecr-in-Cliier ta the Adoiiralty. 

ABRIDOSU CONTENTS. 

Introducoiy,— Ctnlril SCuion Worli an a ProfessioiL— As in IniettmHll,— The BaUb- 

liihineut of a Cent™! Siatinn —Systems of Supply.— Site.— Aichiledture.— Plant.— Boilers — 

SjOtrnt o< Draught and Waste Heat Economy.— Coal Handling, Weighing, and Storiug.- 

llie Tranuninioil of Steam, — Generator- — Condenui^ A^^iances. — Switching G«*r» 

iBBtmioeats, and Cotmections. — Disttibuting Maiu. — lasulation, Rctiatance, and Cost. — 

IHatiibiUina Natworla. — Service Mains and Feederi. — Testing Mains. — Ueun ud 

^ipliucet.— Studardiung and TeHing Laboratory — Secondary Bailuiei.— Slice! Light- 

ing. — Coat. — General Organisation ~- Mains Department. — InstalUdoii Oepaitment. — 

StandaniisuK DsnnmeDt.- Drawing Office — asricsl Department — The Cmuhhw.- 

Koiuiiu nadHain LayiDg.— Ihdbi. 



In Large Svo. HiiDdsome Cloth. Prorusely IllustraMd. tti. 6d. ael. 

ELECTRICITY CONTROL. 

A Treatise on Elestrle SwItchEear and Sygtemi of Electric Ti^nsmlEslon. 
By LEONARD ANDREWS, 

Associate Membei of the Inxitution of Civil Engineers, Member of the Institutian af 
Electrical Engineers, &c' 

General Principles of Switchgear Design.— ( 
Arc Interruptioc Devices.— AntomaticaliyOpei 
Current Devices. —AmiDgement of 'Bus Bar 

ArrangemeDt of Controlling Apparatus for Lov 
Installatioos.- Long Distance Transmission Scb 

We re«mniend°irvrilhaut"he9^talion°tD'c"tnl SlailDn"En^ 
iBtereited in the subject."— />«wr. 
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EiGHTBBNTH EDITION. Leather, Pocket Siie. 8s. 6d, 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 



a&NBBAI. OONTBNTS. 
Units of Measurement — Measures. — Tasting. — Conductors. — Dielectrics. —SubiMiifae 

Cables. — Telegiaphy.— ElectrcOhemistTy ElectrD-Metallurgy.- Batteries. — Dyoanoa and 

Hotori, — Transformers, — Electric Light tag. — Miscellaneous- — Logarithuis- — Appeodicaa. 

lira il.'^BUctrkltat. 

lOMDON : CHARLES eFHFFIK i CO.. LIIIITED, EXETER STREET, STMH, 



ELUCTRICAL ENOINEICBING. 4^ 

In I^rge 8vo. Pcoftuely lUoitrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 

Bt GUSTAVE BICHHORN, Ph.D. 

CoNTMKTS.— Oscillations.— CloBeA Oscillation Systems. —Open Oacallatioa 
SyrtemB.— Coupled SyHtema.— The Coupling CompenHating the Aerial Wire.— 
Tlu Receiver.— Comparative Meaauremeitt in the Sender.— Theoretical Result! 
■od Calculations in respect of Sender and Beceiver.—Closel};- Coupled Sender 
and Receiver. — Loose-Coupled Sender and Eeoeiver. — Principal FonnuliB. — 
The Oodameter. — Working a Wireless Telegraph Station. — Modem Appanitni 
uid Methods of Working — Conclusion.— Bibliography.-lHDEI. 

"Well nrlWen ... and combines witb s good deal of deicrlptloD a csiefut 
Innsti^tion of the fundameolBt theoretloal phenomeua."— A^cuure. 



ELECTRICITY METERS. 

By henry G. SOLGJION, A.M. Inst, E.E. 
CoMTKN're. — Introductory. — General Principles of Continuous - Current 
Msten. —Continuous-Current Q^uantit; Metars.- Continuous-Energy Motor 
Meten. — DtSarent Types. — Special Purposes, i. e, , Battery Meters, Switchboard 
Mattm, Tramcar Meters. — General Principles of Single- and Polyphase Indue- 
tiou Meters,— Single -phase Induction Meters.^ Polyphase Meters. — Tariff 
Sntemi. — Prepayment Meters, — Tariff and Hour Meters.— Some Mechanical 
ftatnres in Meter Design.- Testing Meters. —Index, 

**An«ameBbaDC]anci!esAfD] altempClc du-l comprAhen^valr with niDdcrii metbadsof 



Second Edition, Cloth, Ss. 6d. Le^er, for the Pocket, 8s. 6d. 
eiUTFZN'S EI.EOTBZOAL PBIOE-BOOK: For Electrical, Civil, 

Marine, and Borough Eogineeis, Local Authorities, Architects, Railway 

Contractors, Ac, &c. Ediied by H. J. Dowsing. 
" Tbe EucTBicAL Puca-BOOK UHOTK ALL uvSTBH about llu coW of KUcOicU 
Power. By iu aid tbe ejctbhu that will be entailed by uciluiiig eUctridtr oa a lait* e^ 
nsiD isle ciD be discovered." — Arthiitct. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Boboriiis 

and W. G. McMuj^H. Segonii EDinoN, R«vised and Enlarged. 
"Z^ 21s, net. [See page 67 Cenerai Cataiogue. 

ELECTRO - METALLURGY, A Treatise on. Br Waltkb G. 
jJI^McMillah, P.I.C, F.C.S. Sbcond EomoH, KOTind and in 

Part B«-WritteD. 10s. 6d. [See page 67 Gentrtd Oalalogne. 

ELECTRICAL PRACTICE IN COLLIEBIES. By D. Bnwfs, M.E., 
H. Inat. M. E. Second Edition, Eeriaed and greatly Enlarged. 
7i. 6d. net. [See page 68 Oenerai OalalogKt. 

MKDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETEK STREET. STRAND. 
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so OBARhBB aaiFFIHr * OO.'S PUBUOATIOHB. 

Thikd Edition, RerUed, Enlai^ed, and Rc-issued. Price 6s. net. 
A SHORT UAHUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D.. F.R.S., 



■ov«r tlu fimfoumlaiT itylc to |ctia*ll7 follcrwnd. 



In HuidBome Cloth. With nearly 50 Illtutrations. 3b. 6d. net. 

THE ELEMENTS OF CHEMICAL EHGINEERIHa 

Bt J. GBOSSMANN, M.A., Ph.D., F.I.C. 

8ia WILLIAM RAMSAY, K.C.B., F.R.S. 
GOHmras.— The Buksr and Iti TachDical Equlvkleota.— DUtUlln> riukm. LIkNe'i 
-Ctmdmum Vnctlcnuktliig 'CnbM ud their Tecbuicul Bqniiileala.— 



BEqni™!™ _ 

_, - Jted In Chemical EDginseifng and their Mode of Apptlcs 

TsohnlcalKeaearohand UieDeilgtiingaf Plant.— Cooeliulon.—Chemlali and Hi 

"Bxcallent. . . . Bfarf BtDdenb ol chamlitiT attending a technical coiirae ih 



LAB0BAT0B7 HANDBOOKS BT A. HtTMBOLDT SEXTOH, 

Profamn' of lilttallarET in tlia dlaigow and Weat of Soollasd Ttaboioal OoUefa 



OUTLINES OP QUANTITATIVE ANALYSI 

FOB TBB nSM OF STUDgSTS. 
With IllaitrationB. Foubth Eduioh. Crown Svo, Cloth, 3b. 

amDB for be^nngn wu wanMd, aod tha Tut bu 
A good and naefnl book." — LmiceL 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR TBS U8S OF gruOSNTS. 
With ninatrations. Fourth Evition, Revised. Crown 8to, Cloth, 3a. 8d, 
"Tha workofa thoroDgblr practical obenust.''—Sri<uAJf<!di(ia; Journal. 
" Oompilad with graat eara, and will sapplj a want;"— Journal tif Biieatlon. 

ELEMENTARY METALLUB6Y: 



LONDON : CHARLES flRIFFiH 4 Ca, LIMITED, EXETER STREET. 8TRAII0. 
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Griffin's Ghemloal and Technological Publloatlone. 



PHOFa, DupHi AND Hakb, 50 
Peof. Huhboldt Sbxton, 50 
Dr. J. Grossman 
Blouitf and Bloxah, . 



A. Wyhtkh Bltth, 
Prof. Oabtell-Evahs, 

H. D. RlCHHONS, 
K P. WlLLOITGHBY, 
C. A. MiTCHBLL, 

Dr. G. Reid, 
F. Wood, . 
J. W. Habrison, 
Lafar and Saltbr, 
C, Oppenebiher, 



Inorganic Chemistry, 

Analysis 

Chemical Engineering, . 
Chemistry for Engineers, 

„ „ Manufacturers, 
Foods and Poisons, . 
Tables for Chemists, 
Dairy Chemistry, &c.. 
Milk, . . . 

Flesh Foods, 
Practleal Sanitation, 
Sanitary Eng-lneering, 
Lessons on Sanitation, 
Technical Mycology, 
Ferments, . 

Toxines and Antltoxlnes, 
Brewing, . 

Baeteriology of Brewing, 
Sewage Disposal, 
Trades' Waste, . 
Smoke Abatement, . 
Cements, - 
Water Supply, ■ 
Boad Making, ■ 
Gas Manufacture, 
Acetylene, . 
Fire Bisks, 
Petroleum, 

(Handbook), 

Paper Technology, ■ 

Ink Manufacture, 

{}Iue, Gelatine, &c., ■ 

Oils, Soaps, Candles, 

Lubrication ft Lubricants, 

India Rubber, . 

Painters' Colours, Oils, &e„ 

Painters' Laboratory Guide, 

Painting and Decorating, 

Dyeing, .... 

Dictionary of Dyes, 

The Synthetic Dyestuffs,- 

Spinning, .... 

Textile Printing, 

Textile Fibres of Commerce, W. I. Hafnan, 

ageing and Cleaning, G. H. Hqbst, 

eaehln g, Calleo- Printing, Oeq- Dubrb. 
UHDON: CHARLES QSIFFIH A CO.. UHITED. EXETER STREET. STRAND. 
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Dr. W. J. Stkbb, 
W. A. Riley, . 
Santo Criuf, 
W. Naylok, 
Wm. Nicholson, 
G. R. Redqratk, 

R. £. MiDDLETON, 

Thob. Aiteen, . 
W.Atkinson BuTTEEtiHLD, 77 

Leeds and Bditerfield, 77 

Dr. Schwartz, . . 77 

Sir Boverton Redwood, 61 

Thoxbon and Redwood, 61 

R. W. SiNDALL, . . 81 

Mitchell and Hbpworth, 81 

Thob. Lambert, . . 81 

Whibht & Mitchell, 71 

Archbdtt AMD Debley, 32 
Dr. Carl 0. Weber, 
a. H. Hdebt, . 



W. J. Pearoe, . 
Knboht and Rawbon, 
Rawson and Gardner, 
Gain and Thorpe, 
H. R. Caetbr, . 

SEXHOtTB RothWELL, 



Sa OHASLUS GRIfFlN Ji CO.'S PUBLICATIONS. 

Grfffln's Geologloal, Prospeotlnff, Mining, and 
Metallurgioai Publloatlons. 



L CATAUlOra FASI 

Aeology, Stratlffraplileal, R. £>rBuiD«iK, F.ii.8., . 63 

., Physleu, PBor. H. Q. Skuby, . it 

„ Praetieal Aids, Paor. GBmrviLLK Oou, 6S 

„ Open Air studies, . „ „ i> 

Mining: Geology, - Jambs Pabk, F.G.S., . ' . 5S 

PFOSpeetilur for Minerals, S. Herbert Ooz, A.RS.H., . 56 

Food Supp^, . RoBT. Brdce, ... 64 

New Lands, . H. B. Mill, D.Sc, F.R.S.E., 54 

Ore and Stone Mining:, - Sib 0. Le Nktb Foster, . 66 

Elements of Mining*, . 

Coal Mlnlnff, . 

Praetieal Coal Mining*, ■ 

Elementary „ „ „ on 

Electrical Coal Mining*. B. Buskb, .... 58 

Mine-Surveying, BbnnxttH. BBODaH,A.B.S.M., 57 

Mine Air, Investigation of, Foster and Haldane, 67 

Mining Law, C. J. Alfobd, ... 67 

Blasting and Explosives, O. OnTTUAim, A.M.I.C.E., . 66 

Testing* Explosives, ■ Bichbl and Larsbn, . 6fi 

lUne Aoeounts, ■ Prof. J. O. Lawr, . 67 

Mining Engineers' Pkt.-Bk., E. R Fibui, M.InBt.M.M., . 57 

Petro^um Sib Bovkrto« Redwood, . 81 

A Handboolc on Petroleum, Thohhon and Redvood, 61 

Oil Fuel, .... Sidney H. North, . 29 

Metallurgtcai Analysis, ■ Maoleod and Walsbr, 60 

Mloroscopic Analysis, F.08H0KD<fcJ.E.STBAD,F.R.S., 00 
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